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FOREWORD

In the interest of producing a useful and relutively prompt record
of the NASA Sterilization Conference, the editor took numerous shortcuts,
including first of all, the decision not to mzil the stenotypist's draft
to the conferees for correction and return. The second major decision
was to eliminate from the record the discussion of the proposed guide-
lines, but merely to include the guidelines zs finally modified by the
conference. The remainder of the deliberetions, largely those of the
morning session are essentially verbatim except for occasionzl unproductive
exchanges, obviouﬁ mistakes in transcription end the perpetual corrections
in the use of 107" and 107. There are instances when the editor rephrased
statements to more succinctly state what he thought the participant was
trying to "get over" to the group. Many garbled or incomplete sentences
in the draft were eliminated. Detailed editing was not done, such as
sentence structure, grammar, or even numbers and figures which the editor
believes incorrect but nevertheless appeared in the transcrivt. The
recommendations for R&D received from the participants by mail are
recorded here, with the hope that none were accidentally left out.
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SUMMARY

The prdceedings of a conference on spacecraft
sterilization are presented. The conference took
place July 9, 1962, in Washington, D.C., under the
auspices of the NASA Bioscience Programs. The
information presented is essentially a transcript of
the discussions, with editing kept to a minimum in
the interest of preserving the individual contribu-
tions of the participants. Recommendations of the
participants for research and development are

appended.
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CONFERENCE PROCEEDINGS

The meeting was called to order at 9:00 a.m. on Monday, July 9,

1962. Those present were:

Dr. Orr Reynolds, NAS. Headquarters, Co-Chairman

Dr. George Hobby, JPL, Co-Chairman

Dr. Freemsn H. Quimby, NASA headquerters

Mr. Rolf Hastrup, JPL

Dr. John B. Opfell, Dynemic Science Corporation

Dr. Norman Horowitz, California Institute of Technology
Dr. Arthur Cherkin, Don Baxter, Inc.

Dr. Charles Phillips, Ft. Detrick

Mr. Briggs Phillips, Ft. Detrick

Dr. Carl Bruch, Schwarz Laboratories

Dr. Daniel Tompkins, Aeronutronics

Dr. William Oswald, University of California

Dr. Richard Price, General Electric Co.

Mr. Herold Wolf, Calif. Institute of Technology

Dr. John Perkins, Americen Sterilizer Co.

Mr. Robert Varga, Hughes Aircraft Co.

Dr. Victoria Lynch, Lockheed

Mr. Albin Nowitsky, Lockheed

Dr. E. Staten Wynne, School of Aerospace Medicine, USAF

Mr. Leonard R. Piasecki, JPL
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DR. QUIMBY: I might make a few opening comments. There have been
& number of biological groups in the past who have met and deliberated
the spacecraft sterilization problem. These have been generally referred
to as CETEX, WESTEX, and the Armed Forces Bio-Astronautics Committee.
However, these groups were restricted almost entirely to biologists and
to biological considerations and to the matter of setting the standards
that we should try to achieve in the sterility of spacecraft.

There has been much concern in the meantime over the fact that
sterilization procedures represent a hazard to the success of the total
mission. This is particularly true at headquarters. I don't know about
JPL. But it occurred to Dr. Reynolds, who suggested this meeting, that
we might have a profitable conference if we were to bring in a unique
group of people, namely, biologists, sanitary engineers, and spacecraft
engineers, and approach it from the standpoint of not whet should we do,
but what can we do, and how should we do it.

DR. REYNOLDS: I gather that everybody doesn't have an agenda,
therefore I will read the objectives that are given as the first item on
the agenda. The first objective, to review the current spacecraft
sterilization procedures and to generaste recommendations for their im-
provement. That is one of the objectives of this conference.

Second: To obtain recommendations on areas of resesrch and
development in the spacecraft sterilization program.

The second item on our asgenda is the status of current steriliza-

tion efforts. I would like to call on Dr. Hobby to lead the discussion



on this item.

DR. HOBBY: Some of you are femiliar with, and actually have
participated in, the current sterilization effort. However, 1 realize
that some of you have not been in the field and do not have the back-
ground that would be helpful for your participation today. Therefore,

I have asked Dr. Rolf Hastrup of the Jet Propulsion Lab, to give us a
brief outline of the current status of our sterilization program.

MR. HASTRUP: For those of you who are not familiar with the
effort that has been going on with the lunar program, I will just briefly
go over the procedures which are currently being employed.

There are two basic objectives in the present effort to apply
sterilization procedures to lunar spacecraft.

The first of these is the straightforward one of limiting
possible contemination of the moon by viable organisms.

The second objective is to advance the state-of-the-art and
contribute to the development of more effective and reliable methods
which could be applied to the sterilization of spacecraft. This is
critical if we are to successfully accomplish sterilization of future
planetary spacecraft or spacecraft capsules.

It is not possible to utilize directly the procedures found in
the literature and applied currently in the food industry or in medicine.
Procedures must be developed further to accomplish complete sterilization
of all viable orgenisms anywhere on or within the components of the
spacecraft. Of course these procedures must also be compatible with the
complex spacecraft design as well as the great number of tests and operations

the spacecraft goes through before launch and ascent through the atmosphere.



With these objectives, sterilization requirements have been imposed\on
both Ranger and Surveyor spacecraft.

On Ranger the approach is to accomplish sterilization in three
general phases. First, all subassemblies are required to be sterilized
internally. This is accomplished in nearly every case by heating the
subassemblies to 125° Centigrade for 24 hours after thermal equilibrium
has been reached. An alternative cycle is 160° Centigrade for two hours.
These cycles were first established for lunar spacecraft about two years
ago on the basis of available information in the literature on dry heat
sterilization as well as a few supplemental tests which were run on
resistance spores at that time. Although excellent progress has been
made in the design of spacecraft for heat sterilization, a few critical
items cannot tolerate the required temperature cycle. Where possible,
these critical components have been handled by other techniques involving
chemical agents during sterile manufacture. For example, additives have
been used in plastic resin systems to render them self-sterilizing when
formed. The thermal cycle is preferred, however, because the alternative
chemical methods are not considered as reliable from the sterilization
standpoint.

DR. HOBBY: Rolf, I wonder if I may interrupt for a moment to
comment in a little more detail on those components which could not be
subjected to the heat sterilization cycle. Particularly those which were
not sterilizable even by additives or by sterile assembly techniques.
Probably greater than 90-95% of the total number were subjected to the
thermal cycle. However, even though the actual number that could not be

heat-sterilized was small, some of the major components had to be included



in this category. For example, the 200 1lb. retromotor for the Ranger 3,
4, 5 capsule could not be heat sterilized. Some preliminary tests which
were performed at Dr. Carl Bruch's laboratory indicate a contamination
level for solid propellants of about 50 organisms per gm. This would
indicate a total population of around 106 organisms. However, the energy
of impact of retromotor would probably cause it to burn if it did not
properly ignite. Other non-heatable components which we consider to
contribute an insignificant amount to the intermal contamination levels
are batteries, pyrotechnic switches, photomultiplier tubes, and germanium
transistors.

MR. HASTRUP: On Ranger, assurance of internal sterilization of
subassemblies has been the responsibility of the cognizant engineers. That
is, of each subassembly it has been the requirement placed on the cognizant
engineer to deliver that in an internally sterilized fashion. It has been
up to them to determine just how to do it, in most cases they having heat
sterilized the subassembly.

The second phase in Ranger sterilization operations is the
assembly of the internally sterilized subassembly packages into a complete
spacecraft. At present, this is an impossible task if 100 percent
sterilization of the complete spacecraft is desired. The spacecraft
consists of thousands of individual parts and even when combined as sub-
assemblies, hundreds of items are involved. Furthermore it is not merely
a matter of a simple assembly operation. Typically, assembly operations

are begun on a Ranger spacecraft eight or nine months before launch. After

initial assembly the spacecraft is put through many tests under different

environmental conditions. All through the course of these operations the



spacecraft is probed, changed in configuration, actuated, torn dovm
repeatedly for repair, modification or recalibration and transported
around from one test facility to another, including the trip from JPL
to the Cape. Some of these operations would not be repeated unnecessarily,
but many cannot, and there is always a conflicting desire to run a final
test after any operation such as sterile assembly. We have been developing
new techniques using liquid and grease sterilants to avoid the necessity
of time-consuming and cumbersome sterile glovebox operations. These
sterilants may not be completely satisfactory as yet, and their development
has actually come too late to permit utilization in the Ranger project
because they were not available in time to be included in the type of
approval testing of hardware to which they would have been applied.
There are also severe problems in toxicity in handling some of
the sterilants. So, in most of our field assembly operations on Ranger,
we have been limited to the practice of careful cleaning procedures and/or
swabbing of mating surfaces with alcohol disinfectant. Sterile glove box
operations with the use of ETQ are being carried out and some subassemblies
such as the seismometer capsule. Membrane and fibrous type filters are
also used during assembly and test phase for sterilizing liquids and gases
which must be supplied to the spacecraft. The pore size of the membrane
filters is either 0.22 or 0.45 micron. The fibrous filters have been tested
and found to have a penetration of about one in lO6 of B subtilis niger
spores. The final phase of Ranger sterilization is under much better control.
Shortly before launch the completed spacecraft assembly in its
final configuration is enclosed within the nose-cone shroud and biologically

seeled from further outside contamination. An ethylene oxide gas mixture



containing about 450 milligrams per liter of ETO is introduced into the
nose cone cavity and held there for 11 hours under slight positive pressure
and at from 30 to 50 percent relative humidity. The sterilant vapor is
then purged away with nitrogen gas which has been sterilized by filtration.
This operation is conducted in a special explosive-safe facility near the
launch stand. From there the spacecraft is transported in its sterile
sealed condition to the launch stand where it is mated to the launch
vehicle. The bacteriological seal is maintained throughout all these
operations and until the shroud is ejected at an altitude in excess of
300,000 feet, above which no bacteria are believed to exist.

The task on Surveyor is at least as great because the spacecraft
is larger and even more complex than Ranger. Essentially, the same
procedures will be used for Surveyor; however, the Surveyor schedule permits
muich of the experience and information gained on Ranger to be used to
advantage. On Surveyor, greater emphasis 1is beirg put on heat sterilization
of the largest possible subassembly in order to minimize sterile assembly
operations. Furthermore, the additional time aveilable provides a better
opportunity to qualify liquids and grease sterilants for use in field
assembly operations.

The sterilization constraint on the lunar missions has been given
a priority below that of reliability or mission schedule. On that basis
a few sterilization waivers have been allowed for critical components which
are not compatible with existing procedures. Also, field assembly procedures
have been permitted which cannot be considered completely effective. Never-
theless, considerable progress has been made in the sterilization of lunar
spacecraft with the result that contamination has been kept to a very low

level and much useful experience and information has been obtained which
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can be utilized in establishing planetary requirements and procedures.
However, many of those who are responsible for and working closest to

the Ranger and Surveyor projects believe that the sterilization require-
ments do seriously reduce reliability in spite of the relative priorities
which have been assigned. It is also expensive in terms of menpower and
money. Therefore, it is important to carefully review the lunar sterili-
zation requirements to determine that they are still justified or to what
extent they may possibly be relaxed.

I think most of you have had a chance to look at Dr. Jaffe's
report, which I think was sent out to the attendees. If we can concur
with his conclusion that sterilization of lunar spacecraft should not be
necessary for the sake of limiting contamination on the moon, since he
believes that normal, clean assembly and operations would limit the con-
tamination to a satisfactory low level, or if we would only gas sterilize
the exterior portion of the spacecraft, then we should seriously consider
the question of internal sterilization on the lunar spacecraft to see if
it could possibly be relaxed.

For example, on the lunar spacecraft I have mentioned that the
heat sterilization cycle is 125 degrees Centigrade for 24 hours. The hard-
ware is actually type-approval tested at 125 degrees for 36 hours. The
proposed planetary requirement is 135 degrees for 24 hours, and furthermore,
it is recommended that the hardware be type-approval tested at a higher
temperature than that, at 145 degrees Centigrade for 36 hours, and for three
cycles. There are several reasons for this. One is to allow for tolerance
in the ovens, which may be two or three degrees. Another is to provide

statistical reliability where we test only a few items. We should provide



some margin for statistical variations in the hardware. And a third is
that we should allow for overheating of some items in order to permit
the heat to get to the most thermally isolated item in the complete
spacecraft.

If the planetary requirement is to be established at a higher
level than that which is currently being used in the lunar program, then
at this point there may be a serious question as to how much further
information we will be able to utilize from the lunar program.

We, of course, have been able to determine many critical items,
weak points, and gain much practical experience in interior sterilization
of lunar spacecraft. But I would think that at this point, possibly, we
should concentrate our attention directly to the planetary spacecraft
because it is costing us a great deal in the lunar program in terms of
money and reliability, and we may get more from this effort if we apply
it directly to the planetary program now that the planetary program is
coming into shape, since we have established, at least tentatively, the
requirements for the planetary program as well as begun design on the
planetary spacecraft.

DR. HOBBY: Would anyone like to ask any questions?

DR. CHERKIN: How much is it costing in time and money in
percentage of the total?

MR. HASTRUP: This is a very important question. I myself don't
know of any very useful information which can be used in answer.

George, do you have any idea how we could express the cost in
terms of dollars?

DR. HOBBY: It is a very difficult question. We can add up the



number of manhours and the costs of our contracts and of our in-house
programs. On the other hand, the total expenditure might also be measured
in terms of what it does to the mission reliability. If you try to fly

a spacecraft and the reliability is reduced by the sterilization require-
ment and you have a mission failure, then of course the cost becomes
considerably higher then if you just base the cost in terms of manpower
and dollars.

It is not an easy number to arrive at. I wouldn't attempt to
try it at the moment.

DR. HOROWITZ: Do the engineers think that the ethylene oxide
treatment is reducing the reliability of payloads?

MR. HASTRUP: We haven't found many signs of compatibility
problems with ethylene oxide. I think in general it is accepted that
this is fairly compatible with the spacecraft.

DR. QUIMBY: One of the chief concerns among the engineers is
that, ethylene oxide requires eleven hours of treatment, followed by two
hours of purging with a sterile gas. If we have to enter the cepsule and
remove the shroud for any reason whatsoever, then we have to repeat the
whole treatment. And if you do this very many times, you lose your launch
window.

This has been one of the principal and justifiable complaints
that we have received.

DR. CHERKIN: The time factor?

DR. QUIMBY: The time factor. Every time you go in and repair a
device during count-down, then you have to resterilize because there is no

provision, there is no polyethylene bubble technique, there is no germ-free
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technique, no black box technique for getting at repulr except to con-
taminate in doing so.

DR. CHERKIN: Would it be feasible to put the capsule in =z
pressure chamber, the whole thing?

The reason I ask is that in Germany they are using much shorter
cycles on ethylene oxide sterilization, by using it under pressure. In
hospital techniques in Germany now they are using as much as -- 1 hezrd
one claim of 45 minutes. I have a hunch this is just a straight ethylene
oxide portion of the cycle. But I think you can get overall cycles of
less than two hours by using pre-evacuation, 100 percent ethylene oxide
and pressure.

DR. QUIMBY: How much pressure is that?

DR. CHERKIN: I think they only use four or five atmospheres.

DR. QUIMBY: Mr. Chairman, I wonder if Dr. Phillips would have
& comment on this.

DR. HOBBY: Dr. Phillips?

DR. CHARLES PHILLIPS: It is about five or six atmospheres total.
You are not using the pure ethylene oxide at room temperature. You can't
et but about two atmospheres. This is absolute.

We have not worked ourselves at such high pressures. You have
seen the equipment at Berkeley.

DR. PERKINS: Yes. It is known as the sterivit process. In
fact I think there is a U.S. patent.

DR. CHAS. PHILLIPS: Yes.

11



DR. HOBBY: What do the concentrations run? Would it be
in milligrams per liter?

MR. VARGA: We are talking in the range of 1500.

DR. CHAS. PHILLIPS: It is approaching the saturation of
ethylene oxide, which is 1800.

MR. HASTRUP: At what temperature are they running in?

DR. PHILLIPS: Normal.

MR. HASTRUP: Say T0° F.

DR. PERKINS: Essentially room temperature operation.

DR. CHERKIN: They use it in the heart-lung machine, for
example.

MR. HASTRUP: This would indicate they have reduced the time
by a factor of about 3 for the same temperature, at the same temperature.
Isn't it normally required that it is exposed about six hours?

DR. QUIMBY: About eleven.

MR. HASTRUP: We use a longer time because we have found we
get skips running at 8, 9, or even 10 hours. So we have run our time
up to 11 hours.

DR. CHERKIN: This will depend on concentration, humidity and
other conditions. I am trying to say that I believe techniques are being
used that are considerably shorter.

DR. HOBBY: I think we would run into a problem. If we use
the nose cone for the gas chamber, then we cannot permit the pressure to
exceed a few inches of water. We would probably have to put the whole
assembly into a large chamber.

DR. CHERKIN: That was my first question.
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Ts it feasible? I don't know. You would have to stick the
whole works into the pressure chamber.

DR. HOBBY: It would depend on how much time we would lose
in actually taking the entire unit from the fixture it is mounted on
and putting it in the oven and moving it out again. It might be
possible.

DR. CHERKIN: Another alternative to reducing concentration,
instead of using pressure, use 100 percent ethylene oxide. Just be careful.

MR. HASTRUP: This is a safety problem. I doubt if we can
go in that direction. I think it is much more feasible to put the
whole thing in a pressure vessel. In fact, this would probably serve
another purpose.

Tt has been recommended that we first evacuate the air around
the spacecraft in order to facilitate the introduction of the ethylene
oxide. If we had a suitable chamber then we could do that as well as
pressurise the ETO during exposure.

DR. PRICE: Is it not true that the information we have avail-
able currently as to the compatibility of ethylene oxide in spacecraft
meterials is based upon the mixtures with freon and carbon dioxide?

I think we would have to initiate a whole new program looking at the
effects of the pure ethylene oxide. It is highly reactive and incompat-
ible with meny mzteriels when it 1s in the pure form. This would push
us back in time.

DR. HOBBY: I wonder if we can get down to the next item.

DR. QUIMBY: DMr. Chairmen, before you do that, I wonder if

there is anybody here who can compare the efficiency of propylene oxide
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with ethylene oxide for our purposes.

DR. HOBBY: Dr. Phillips?

DR. PHILLIPS: It is about one-tenth. There are two reasons
for going to propylene oxide. First, propylene oxide was available
and the other wasn't. The second thing is that the food people much
prefer propylene to ethylene because of the fact that you get glycerine
instead of glycol as a possible by-product left in the food, or something
like that, and you get a cleaner bill of health from the Pure Food aznd
Drug people. Since you are not worried about the edibility of these,
and since there is plenty of ethylene oxide, there is no particular
advantage in going to propylene.

DR. BRUCH: I think the figure you quoted of one-tenth is
ethyl bromide.

DR. CHAS. PHILLIPS: Yes.

DR. BRUCH: Propylene oxide, the work we published on it in
foods, we did the same type of procedure you did. It is a third to a
quarter as effective. Of course the penetration is much lower.

DR. HOBBY: I think we will get into further discussion of the
gas procedures in some of the following items.

The next area on the agenda is the tolerance levels, which has
been called out in the guidelines. The tolerance at 1o'u. The proba-
bility is that after sterilization procedures have been applied to the
spacecraft, there will be a single viable organism remaining. We have
called that to be lO‘h. I have on the agenda a discussion of this.
However I think probably the most important approach is to assume that

we have to meet a high tolerance and to discuss what the chances are of
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achieving these high tolerances, rather than saying too much about
whether or not we should have a high tolerance.

This subject has been discussed now for two years. The
original numbers derived by the WESTEX Committee were as low as 10'6.
We have reduced this by two orders of magnitude and still feel it is
a safe number. There is a question as to how meaningful these numbers
are.

The meaningfulness of the number undoubtedly depends upon
whether or not it is achievable in terms of practical exercise.

I think that for the discussion today it would be more
important to talk about procedures and sterilization techniques from
the standpoint of achieving the highest possible tolerance. If anyone
cares to comment on lO'u, there might be a few short comments on it.

DR. REYNOLDS: Am I interpreting that right? I would interpret
it that one out of 10,000 lendings, impacts on Mars, would contain an
organism. Is that right?

DR. HOBBY: It can be said that way.

DR. OPFELL: How would we go about establishing as to whether
or not we have met this tolerance?

DR. HOBBY: That is under Item 7. However, if you want to
raise that point now we can discuss that first. Perhaps it is more
appropriate to raise that question now.

DR. OPFELL: I have raised the question. I will comment that
we are going to have to come to some uniform agreement as to what

constitutes a reasonable set of tests both before and after the
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sterilization progrum.

DR. QUIMBY: To know whether you have accomplished your
objectives.

DR. OPFELL: Yes.

MR. PRICE: I think people who would like to see the limits
slided to one side or the other have interpreted it to mean ocut of
10,000 organisms per capsule, per vehicle, one of them would be alive.

It is a slightly different twist to the other comment.

DR. HOBBY: I wouldn't interpret it that way.

DR. PRICE: Some people like to believe that. It would meke
it exceedingly difficult.

DR. HOBBY: We would expect to have more than 10,000 organisms
per spacecraft.

DR. PRICE: Exactly.

DR. HOBBY: It is really what the probability is that no matter
how many you have, after applying the sterilization technique you will
have one remaining.

Does anyone have any comment on Dr. Opfell's comment?

DR. BRUCH: 1In looking at Jaffe's remarks here I feel that
we were concerned with the dry heat phase of this, and we were at one
time shooting for 10'6. This isn't too hard to reach in dry heat sterili-
zation. You set yourself a supposed level of contamination and carry
your base time D valued calculations, go out so many D values beyond your
level for contamination. If we are sterilizing the components so there
is a probability of 1 to 10 in a million, yet when they go to the assembly

operation and the possibility that the assembly operation is only 1 in 10
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of being sterile, I think it ic Xind ol ridiculous to have your components
at 107%.

When I was reading Jaffe's report and T kept seceing lO—l under
these various chemical procedures I felt it wes ridiculous to carry the
dry heat out to 10—6; 10'3 would be good. It seems that the weakest
1link in the chain is going to be those chemical methods and the sterile
assembly operations. If they can't get those out farther to lO'u, then
T think this is in trouble.

DR. QUIIDY: There would be no sterile assembly operations if
you sterilize the craft in toto by hesat.

DR. BRUCH: /t the last stage, yes. But if you are going in
with all these sterile subassemblies and at the end you are going to
have a glove box operation, that has only & probability of 1 in & 10 of
being sterile. I don't think you are ever going to reach your objectives
of lO‘u.

MR. HWOWITSKY: The heat sterilization process will then have
& higher degree of probability of success because it has less of a job
to do, because of the internal sterilization.

DR. BRUCH: Still,if your final operation is only 101 or
10—2 probability of being sterile, I just can't see having the component
or subassemblies out that far.

MR. HASTRUP: I think what Al has in mind is that the heat
sterilization operation would be applied to the whole spacecraft after
the other operations, and that the contamination level would be low before

the heat operation; therefore we would have a better chance of success.
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DR. BRUCH: I sec.

DR. HOBBY: One could determine the decimal reduction times
for different types of sterilizing agents. One might sterilize very
effectively in that manner. However, there is always the difficulty of
applying the actual technique. In other words, you can establish the D
values or the F values for heat, for chemicals, or gas in the laboratory
under test conditions.

But then you have the problem of applying this technique under
actual field conditions where the conditions may not be quite the same,
and where there is a higher chance of human error entering into the
application.

The question is, How do you then verify your techniques under
actual field conditions when you can only do a limited number of tests.
If you are aiming at some tolerance like 10‘“, and you want to verify
statistically that tolerance, you would have to do 30,000 tests, at
least 30,000 successful tests, to verify this to a 95 percent confidence
limit, or h6,000 tests to 99 percent confidence limit. That is certainly
impractical.

One of the things that I would like to hear today is what are
suggested solutions to this problem.

DR. OPFELL: One of the things we have to take in mind as the
point of departure is that in the Mill Standard 105-A, for example, which
is tables for testing and sampling by attributes, there has been very
careful consideration given to sample size and levels of reliability and
levels of confidence that one can use in interpreting production processes

in statistical control. We really should start from this standpoint.
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There are certain things that one can do to increase one's
efficiency in terms of sample sizes by using such things as the restricted
sequential sampling procedures where you decide beforehand what level of
confidence you need and then design your experiments as you go along to
carry you to that point.

If we do anything less than what constitutes just simply
the basic statistical logic of the thing, I think we are decciving our-
selves Lo an exbent. I keecp thinking about the report of Halpern and
Cornfield on the assay of the vaccine for viable virus content, in which
they went through the probability of calculation of a viable organism in
a particular volume of material. This is very mich like this. They came
to some very large samples that would be required to demonstrate that
the organism was not present. The general conclusion that was indicated
was that one has to think in terms of his processes before he starts to
demonstrate them. In other words you cannot inject quality into a
process in the final analysis. You have to build it in.

This is why we are concerned with this business of having
components that have a high degree of reliability with respect to
sterilization so that at any point we can reduce the amount of inspection,
remembering that these things are all tied together. I am putting input
from all directions.

The point is that any particular final sterilization process,
the effect of this sterilization process will be a function of the entire
history of the components that come in.

I think, for example, of ethylene oxide as a sterilization

process. One could speak of it as being effective in two hours, six hours,
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or just simply not being effective. It depends almost entirely on the
previous handling procedures. One can conceive of handling procedures
which will make it impossible to sterilize with ethylene oxide. T
think in terms of where you put some protecting film over spores, they
Just inhibit it. I don't think we can talk in terms of F values for an
ethylene oxide process for sterilization unless we can define specifi-
cally what has gone on beforehand.

In summary we have two aspects. One, we have to recognize
the statistics of the situation for a well and thoroughly defined set
of physical parameters; and the other is that we are going to have to
define the physical parameters that are compatible with our end result.

DR. HOBBY: Dr. Perkins, do you have anything to contribute?

DR. PERKIKS: I am a relative newcomer in this field. There
is so much food for thought here it is very difficult for me to express
an opiniocn. I am picking up a lot of information here, little by little,
I guess.

I am wondering, in the technique that is used here, and the
organisms that are selected, what happens to the base in terms of heat
resistance, whatever method you are using for sterilization. Supposed-
ly it is dry heat we are primarily concerned with. It seems to me that
one encounters great variations in organisms and how they are grown and
that sort of thing, and their characteristics and the populations used
and so forth. I would be very concerned about any data unless I had a
base upon vwhich to establish the resistance of those organisms in the

beginning. Perhaps this has been done.



DR. BRUCH: I think the program that we had at Wilmot Castle
was doing that. We were screening microorgenisms for the dry heat
resistance. I dcn't say we covered the panorama of orgenisms. I think
we established that an organism which has moist heat resistance does
not necessarily have dry heat resistance.

Then we started, based upon this business of soil samples,
which people will always keep tossing at you, we have gone to artificial
carriers and found that the resistance on a piece of paper is not the
same as a sand sample. Why this is we can't really figure out. In the
vacuum work we found we reduce the resistance on sand by putting the
material under vacuum, dry heat.

Maybe Dr. Wynne has some comments. He has worked on heat
resistance of organisms for sometime.

Does your group have any data on this area that lends support ?

DR. WYMNE: A logical extension of what you have just said,
the substrate on which one does the test is very important. A logical
extension of that is that the resistance of organisms in a sealed com-
ponent, such as a capicator, would be not necessarily the same or even
closely related to the resistance on a piece of filter paper, vermiculite
or what-have-you. So I think that the only completely satisfactory way
to arrive at these estimates is to deliberately contaminate the components
during manufacture and then test the procedures, which is the approach
we are using.

Dr. Bruch, you have the best data for that, however, to

support our approach of anyone that I know of.
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DR. BRUCH: What we have done is started organisms in solids
and in components and we find that the resistance has gone up remark-
ably. In fact, in solids we have picked up extremely high D values.
Part of this we can attribute to heat penctration. We are working
with small samples going to test groups. VWe were amazed at the way the
values climbed that high. We were doing work with solids. What got
us into this was the work we were doing on solid propellants for
Thiokol Surveyor. We found that the figures were within what we were
getting for putting spores in sand. 1In some of the other solids we
have gone to dental cements, and dental plastics, and this sort.

I would say Dr. Wynne's comments support it, that you have
to have a resistant organism that you know is resistant by laboratory
tests and then put it into the item that you want to sterilize.

DR. WYNNE: That is precisely what we did.

We did this on a theoretical basis partly to be sure. Dr.
Bruch's group has provided the necessary experimental evidence better
than any other group I know of.

DR. QUIMBY: Do you mean that if the organism is entrapped in
a spacecraft component of some type or other, that it has a much higher
resistance than it has in so0il?

DR. BRUCH: Well, no, not quite that high. 0f course soil--

This is working with known organisms. We have never taken known organisms

and put them back in sterilized soil. You just don't get enough data
that is meaningful. You get high resistances but you can't interpret

what is causing it.
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I would say the levels we got of materials entrapped in solids
is approaching the levels we have needed for sterilization of small
soil samples. But I have always felt that using soil samples as a
guideline in this work, we are setting standards too high, except
George claims he is goint to have roughly two grams of soil on the
final spacecraft. I don't really --

DR. HOBBY: You shouldn't have quoted me on that.

DR. BRUCH: Let's say dust or something of that order. We
have tested dust and it isn't as high as soil. I think definitely the
way the organism is entrapped in the soil sample has a lot to do with
the mineral, clay mineral and things of this sort. I thought I was
getting too far away from what was involved here in component sterili-
zation, so I went over to the solids angle of plastics. We were led
into this through the works on the solid fuel for Thiokol.

MR. HASTRUP: Although we try to keep the spacecraft clean,

I think we have to accept the fact that it isn't perfectly clean and
there might be something like two grams of soil or dirt or dust on the
spacecraft. In that light it would seem somewhat realistic to use soil
or dirt samples as a realistic test; at least if we can't find something
else that causes the bacteria to be more resistant.

We are also looking at dust samples in our ethylene oxide
sterilization testing now because between the time we might heat some-
thing and gas sterilize it, there can be quite a bit of dust settling
on the spacecraft. There again we have found it more difficult to
sterilize the dust than we would isolated organisms on particular

substrate materials.
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DR. PERKINS: You assume all organisms reside in strictly
an anhydrous environment?

DR. BRUCH: We didn't try to play around with the levels of
moisture involved. In the food field there is this comment about
superheated steam being a dry heat sterilizing agent. Let's say we
think that in some of this entrapped work we were doing in solids,
if your moisture content was high you got a little faster killing.

We didn't control it to any extent.

DR. QUIMBY: Mr. Chairman, I would like to ask a question of
Relf Hastrup.

A few weeks ago we learned from Carl Sagan that the Russians
had used formaldehyde and high pressure steam in sterilizing Lunik II.
Are these two approaches incompatible with the experimentsl devices on
the spacecraft?

MR. HASTRUP: We don't have much information in that respect
since we have never used these on spacecraft.

DR. QUIMBY: Is the formaldehyde corrosive?

MR. HASTRUP: We have been using formaldehyde in liquid form.
If it is left there long enough with moisture it appears to be quite
corrosive. Possibly Dr. Opfell could comment further.

I would like to make another comment, though, to that question.

It would seem that these techniques would apply only to
surface sterilization. They would not accomplish internal sterilization
of the spacecraft.

DR. QUIMBY: How about the superheated steam?
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MR. HASTRUP: As far as the actual temperature is concerned,
this may tend to sterilize. But superheated steam is usually used to
sterilize at a lower temperature than dry heat sterilization.

DR. QUIMBY: This is essentially autoclaving, isn't it?

MR. HASTRUP: Yes. But autoclaving only guarantees
sterilization at the surface because the steam, which is one of the
active factor, --

DR. QUIMBY: Does not penetrate crevices?

MR. HASTRUP: It will penetrate into some crevices but not
into the interior of hermetically sealed components.

DR. REYNOLDS: It depends on the duration, doesn't it, of
vhether the components are heated up?

MR. HASTRUP: The steam would never get through.

The temperature, whatever that might be, would soazk in, and if it
is high enough to accomplish dry heat sterilization, it would be effect-
ive.

DR. PERKINS: The total effect would be that of dry heat.

DR. REYNOLDS: Yes, if long enough.

DR. BRUCH: They were adding the methanol at the same time
as adding steam?

DR. QUIMBY: Methanol?

DR. BRUCH: I mean formaldehyde.

DR. QUIMBY: I don't know, they were probably combined
procedures. We don't have the details.

DR. PRICE: Formaldehyde vapors have very poor penetrat-

ing powers.
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DR. OPFELL: This is true only at temperatures below 80°C.
Above 80°C. formaldehyde is highly penetrating. It would be better
than ethylcne oxide.

DR. BRUCH: 1In terms of penetration?

DR. OPFELL: In terms of penetration, in terms of effective-
ness. But at the same time it is highly corrosive in the presence of
steams. Your compatibility problems have to be carefully scanned.

DR. PERKINS: I think you would need a lot of data to prove
that point, that it is more effective than ethylene oxide below 80°.

I think you would need a tremendous amount of data.

DR. OPFELL: This is data that I have personally collected
and revicwed over the years. It is proprietary information.

DR. CHARLES PHILLIPS: Our experience on penetration hasn't
been anything like that. The reason we thought particularly of
ethylene oxide, it does go into grease films and oil films which offer
protection against aqueous formaldehyde.

DR. HOBBY: Will you speak up, please?

DR. CHARLES PHILLIPS: Ethylene oxide was more penetrating
than formaldehyde. We didn't have the sterilization stopped by a
film of grease or something like this. These were used -- Briggs has
more on this -- in cabinets and things like this, sterilization
cabinets. We have had quite a bit of experience with steam and
formaldehyde. I would still question the penetration.

DR. OPFELL: The thing that I have observed with formaldehyde,
for example, is that it penetrates material like polyvinylchloride of

substantial thickness which ethylene oxide normally won't go through
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in normal sterilization times. TFormaldenyde rill not penetrate
equivalent thickness of polyethylene, which ethylene oxide will go
through. You have to carefully define the particular situations.

There are instances in which formaldehyde is superior,
and instances where it is not.

DR. HOBRY: I wonder if we could get back to this question
that Dr. Opfell raised a mement ago on how do we verify the sterili-
zation tolerances, or sterilization procedurcs.

Is there anyone else who would care to comment on this?

This is something we do have to face. The numbers are
meaningless unless we can express these numbers in terms of opera-
tional procedures.

What constitutes the verification of an operational
procedure in terms of a tolerance number? How can we say, how do
we verify the fact that after we have applied a given sterilization
procedure that we have indeed one chance in 10,000 that a viable
organism still remains?

Are there any good ideas on this?

DR. BRUCH: I think Dr. Opfell can comment on the pharma-
ceutical industry, in terms of filling operations. As I understand
it, they just take so many samples out of every batch of a thousand
filled ampoules and test it, and derive their figures that way.

DR. OPFELL: No, you do this on the basis of the normal
hypothesis testing. You set up a normal hypothesis that the process
is capable of producing a continuing stream in which lots are all of

the same quality. You do not proceed to sort out good lots from bad



lots. Each product will have specified for it certain procedures
which are accepteble for sampling tests. These are filled snd those
from which they have recovered these specimens should not be in any
sense different from those lots in which they did not recover
organisms.

What you do is decide before you draw your sample what
level you are going to accept in terms of contaminants on which you
are going to decide whether or not your hypothesis, the products, is
in statistical control, that it is acceptable. The simplest way to
think of it is where you are autoclaving something like several
thousand bottles of intravenous injections. According to law the
entire lot must be sterile. You are not by any stretch of the
imagination going to be able to follow something 1like U.S.P. tests
and draw ten samples of these lots and on the basis of these ten
being sterile say that the rest of them are. You do know that if
there are any of these that are not sterile that this is inconsistent
evidence with the rest.

From the standpoint of the test of statistical hypothesis,
combine this ten on this lot with the ten on all the other thousands
of lots that have gone before that have been done in exactly the same
procedure, then you have evidence on which to say that the product
continues to be of the nominal quality.

The thing that is most to bear on the thing is not the
results in this particular set of ten but on the continuous sequence
of successful operations. Once you break this sequence then you have

& real problem to face. You have to develop an engineering understanding
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of how this sort of thing could have happened. There must be some
systematic error that has crept into the process. But it isn't this
ten samples on a particular autoclave load that decides whether or
not the lot is sterile. This is my contention.

The reason I raised the question initially is that we
are not going to be able to take the first spacecraft. We can take
& small sample of this. We are going to have to have established
our procedures, we are going to have to know in quantitative terms
the reliability. This I don't really see much way around. It is
just a lot of work and a lot of careful thought in terms of the
design of the tests.

DR. HOBBY: How do you establish these procedures? We
have a limited number of spacecraft. We can only do a limited number
of sampling. It seems that the only alternative is to work out the
procedures on a laboratory scale. But then there is the problem of
extrapolating that under actual operational conditions.

DR. OPFELL: Yes. One has to identify this into elements
to the extent that you can. There are certain portions of this
handling procedure which you can standardize and which you can develop
experience in the laboratory. For example, the sterilization of, say,
a capacitor. You look to hundreds of capacitors, whatever it takes to
develop the level of confidence that you need for capacitors, and for
the other components that you are going to use, as being sterile inside.
Then you are left with the question of sterile assembly.

The sterile assembly operations are going to have a lot

of similarity. Whether or not it is the screwing of a capacitor
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together with something else, or making a solder joint, these you can
identify in terms of elements.

DR. HOBBY: Suppose you have 10,000 different types of parts
and you have to do a sterile assembly with these 10,000 different types
of parts. Do you think then it would be practical to work out standard
procedures in doing a dry-box procedure with different types of parts?

DR. OPFELL: I think you must work out a standard procedure.
You must identify to the minimum of common procedures, that is, elements
that involve similar physical arrangements, similar materials, with
similar handling.

The extraneous parts of this are the parts that are extraneocus
to the sterile assembly operation, the mating and closing of bacteria,
is not and cannoct be the same. Those elements which directly affect
the sterility must be the same. One can identify the minimum of these.

DR. HOBBY: I would like to ask you, Are you implying, then,
that we would have to do 30,000 tests per part, or at least wherever
there is a difference in the procedure, to statistically verify a given
method ?

DR. OPFELL: I don't think you are going to statistically
verify a method. What you are going to do is to develop a procedure
and you are going to have a hypothesis that this procedure is capable of
doing the Jjob.

Then what you are going to want to do is to verify whether your
hypothesis is true or not. The amount of testing that is required to

verify this hypothesis depends upon a lot of other factors. One of them
is the certainty of the physical and chemical biological principles that
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underlie the procedure. The second thing is the number of factors that
can come into play to affect the procedure.

After you have developed the procedure, and you have determined
the level of confidence you want, then you pretty much depict the number
of samples that you are going to have to do. There isn't much flexibility
there. So the place one would have to work is on the input. This is
why one usually thinks in terms of reducing the initial innoculum. If
you want to get a sterile result, the cleaner the material you work with
the less testing you are going to have to do to confirm it. You are
going to find by the first -- You are going to be able to develop a sequence
of successful tests more rapidly then you will if you start with a heavily
contaminated one.

DR. HOBBY: Tt sounds as if you are saylng that we have to
proceed partly on theory and partly on actual tests. Is that correct?

DR. OPFELL: Yes.

DR. HOBBY: Dr. Phillips, have you enything to say on this
matter?

DR. CHARLES PHILLIPS: I think thet Dr. Jaffe's document is an
effort on his part, I think, to look into these various procedures and
put numbers to them. I think he has done a masterful job. I am quite
sure that every single person around here can pick one or two numbers and
probabilities and argue about them until the cows come home. I don't see
much point in it, because they are -- most of them, a lot of them -- a
metter of expert opinion and not subject to test. He has, as Dr.

Oopfell is saying, looked at the various things which are common and tried

to put numbers on them. Knowing about sterility and the absolute term,
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there is always a question of whether or not you have arrived at that.

I think it is an excellent document and he saw a lot of
people I know all over the country in preparing this, and there is an
awful lot of good thinking that went into it.

You have in essence here a document which does outline what
he considers the various steps that you have to go through, and out-
lines what he thinks the chances are of coming up with something.

This lO-his a pretty good figure which he thinks is feasible.

No, you don't have to take 30,000 spacecraft and test each
one. But tests have been done on various things. There are hundreds
and hundreds of components. They have elements of similarity. And
you probably only have to pick one or two. There are things sealed
in ceramics, things sealed on metal surfaces, things embedded in
plastics. This is the type of thing, the heat thing, internal thing,
that Bruch is doing.

DR. HOBBY: Dr. Cherkin, do you have any comments on this?

DR. CHERKIN: Yes. Dr. Opfell mentioned practices that have
been used in sterilizing certain solutions.

I don't think they all fall into one category. I would like
to say that I agree with what Dr. Opfell has said. Sterilization is a
matter of, we would say, production. You achieve sterilization by what
you do. You get some measure of verification from the tests. You have
to do the tests. If I were given ten bottles or a hundred bottles out
of a lot of five thousand and had them run through and found that these
were all sterile, just on the basis of that information I couldn't say

that any other one was sterile. I would have to know the whole history.
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This starts out with, incidentally, with the initial design of
the product. Let's just talk about the sterile product.

When you are working out a sterilization procedure, as we all
know, you have to design the product to be sterilizable. That has to be
built into the design requirement right from the start, Just like any
other requirements. You can't just get it made and decide let's now
think about sterilizing.

And so the materials, and the production methods have to be
designed with sterilization in mind.

I am trying to do two things: think of sterilization from the
pharmaceutical field, with which I nave been familiar for a long time,
and sterilization of the space vehicles with which I am completely un-
familiar. This is a little hard to do. Maybe I ought first to go through
pharmaceuticals quickly.

When you have a new product that has to be sterile, that is one
of the considerations that you have in mind right at the outset, both of
the product and its container. You design a sterilization process that
you think will work for it. And then you verify it, and we use soil, what
we call a standard soil, if you will accept that term -- you don't have to.
We call it that. It looks like something you dig up out of a garden, but
that is what it is.

We run a great number of tests while we are verifying the pro-
cedure, just as you have indicated, until we are satisfied that our process
will sterilize the product even if it is contaminated beyond all conceiv-
ability of contamination in actual use. Then we go on the assumption that

if this process will work on a tremendously contaminated sample -- and

33



this is religiously carried out and controlled -- then it will work regular-
ly.

Then we use all kinds of controls on sterilizers and we run
temperature distributions on them and we run routine culture sterility
tests. We are very sensitive to all the details of those tests, including
temperature and air flow in the incubators and all the other things that
you have to watch.

We are using terminal sterilization along with all these other
things. When I say "we,” I think everybody in the industry does it.

If you are going to try to-- Let's put it this way: I think
we are all sgreed that an effective terminal sterilization would resolve
& lot of kinds of problems that you are talking about. I realize that
there is a great big fat "if" on that. But while we are on that "if" one
could conceive of the possibility of putting soil samples in secluded
portions of the vehicle so that they could be snagged out aseptically,
and then if you ran a sterility test and found that those were sterile,
you have a pretty good measure of confidence that the rest is sterile.

I think what you have done is broken the problem down into as
meny individual components, each of which is so-called terminally
sterilized. You have a component and heat sterilize it and you keep it
wrapped up, and you keep it as free from contamination as you can. I
thoroughly agree with this business of the fewer bugs you have the easier
it is to kill them, indeed.

The more individual assemblies that you have to do sterily, the
greater your problem is, and something tells me it goes exponentially.

In a nutshell, I think you have to get as close as you can to
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controlling it with soil samples.

DR. QUIMBY: What kind of terminal sterilization do you use in
the drug industry?

DR. CHERKIN: We prefer to use autoclaving.

DR. QUIMBY: What do you do with heat sensitive products?

DR. CHERKIN: Then we use gas, ethylene oxide. This is
generally used. Formaldehyde has some practical disadvantages, although
it has been used.

Rediation is used, particularly in England, for example, disposable
syringes. They are sterilized by radistion. From what I have seen of the
effects of radiation on plastics, I would be a little bit concerned about
what it may do to your components.

DR. QUIMBY: How about the effects of radiation on your drug
products?

DR. CHERKIN: I think by and large this is not a problem.

DR. QUIMBY: It is a problem in spacecraft sterilization.
Radiation as a sole means of sterilization is a problem in spacecraft
because some electronic components are radiation sensitive.

DR. REYNOLDS: Are you speaking of ionized radiation?

DR, QUIMBY: 7Yes.

DR. BRUCH: What about something like a vaccine, where you can't
give a final heat treatment or something like that, which is put up in
individual ampules. What confidence could you have in procedures like
that?

DR. CHERKIN: Very little. We are in the biologics field.

DR. OPFELL: This is something which is given a lot of very
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careful consideration. Lederle Laboratories I guess puts in about as
much work on this particular area as any one I know. Their people are
right in the forefront of the science of statistics, too. They just
simply must be, because there is a lot of dollar bills that are involved
in vaccine production simply in developing efficient tests to decide
this sort of thing. Most all vaccines that are tested for what they
call safety, that is, the presence of organisms produced in the vaccine,
involves testing in animals. If you are testing something like a cow
vaccine, or something for humans, you just can't afford any losses.
Consequently, you have to draw up your test to be highly efficient.

DR. BRUCH: Do they worry, on seeing vaccine producing samples,
about extraneous organisms getting in?

DR. OPFELL: Yes they do.

DR. BRUCH: If you don't give a product a final terminal heat
sterilization, just what kind of confidence do they have that the product
is sterile, which is what I think is going to be the space probe thing.
You aren't going to be able to give it a final terminal sterilization.
At least it appears to me that you can get a lot of the subassemblies but
still you are going to have --

DR. HOBBY: We are aiming at the final terminal sterilization.

DR. CHARLES PHILLIPS: Vaccine production is a bad example to
use because there you are fighting two problems. One of them is, you
want to maintain as much antigen as you possibly can, and yet still be
sterile. So they are coming up, all the sterilization processes, either

heat, formaldehyde, ultraviolet, are destroying the antigenicity. So
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you want to stop rather close there. This is why this fantastic sta-
tistical thing -- you don't double to get a margin of safety in vaccine
production. You add two percent.

DR. BRUCH: I want to get around to the polio virus. I was more
interested, at the time they were filling the polio virus into the ampule,
that they weren't getting organisms or matter dropping in out of the air.

DR. OPFELL: In general they will use a preservative.

DR. BRUCH: 1In other words, they are developing a level of con-
tamination and controlling with a preservative which is not possible to us.

DR. OPFELL: The body has a defense mechanism. You can take
certain doses.

DR. CHERKIN: This is one of these things that gives me a head-
ache when I try to think of the pharmaceutical problems and these problems
in space, and this is right. And there is another factor. I don't know
that anyone has ever received a sterile injection because an injection
implies going through the skin. I am very doubtful that anyone has really
sterilized skin. This is a factor, and this is quite right. If these B
subtillis niger, God forbid, fall in there, and you have a preservative
and you keep it at a temperature that inhibits growth, it won't grow out.

You are always going to be putting one organism into the
circulating blood. In fact, bacteria is a normal condition.

But this is completely different, and that is the trouble here.
This is completely different from this problem where you don't want one
spore in the whole thing. I would like to make one other comment.

On this point of vaccine production, I thought, too, Dr. Phillips,

that this was completely different. I think there is a general problem.
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You can sterilize space vehicles if you put them in a furnace. Of course
when you take them out they are no longer a space vehicle. You can say
this. But they can be sterilized. You may end up with a reliable factor

of 10710 010

or 10~~, however you are using it. I think this is a generaliza-
tion, that in sterilization two things are going on. You are destroying
organisms, viable organisms, and you are destroying the product.

There is a fellow at the University of Wisconsin in this not
very much recognized paper but which I thought excellent, in which he
plots the competing curves and explains the kinds of conditions that you
need to choose, in which you have this competition between the destruction
of the organisms and destruction of the product. Isn't this what you are
doing?

DR. QUIMBY: Exactly. This is the whole problem, particularly
with either heat sterilization or ionizing radiation, and even with some
fluids.

DR. CHERKIN: I also regard, although I was considerably
depressed by this, although I thought it was excellent, which points out
more of the problems, this is one comment that I had. I would be hopeful
of finding something analogous to this business of the trend of destruction
of the product versus the trend of destruction of the organism. For
example, this business of using 125° for 24 hours. I realize that at 190
in some of your components they may just melt, blow up or do something
dramatic. I think this is something that has to be, or ought to be
explored.

Very often a short high-temperature procedure is preferable,

oddly enough.
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MR. HASTRUP: Of course, to get into short high-temperature
cycles we have another special problem there because we have large space-
craft. Many items on there which serve as terminal insulators. While we
would like to heat at two hours at a higher temperature, to get the whole
thing up there would possible take another six hours and we would defeat
our purpose.

DR. CHARLES PHILLIPS: The heat sterilization is an area of
low dry heat that had been considered highly impractical and was never
explored and so there is very little data. We were asked by George's
group about two years ago about this and we pulled out not much, because
very little work had been done. With heat, with microorganisms it is a
time-temperature relationship. With heat and materials,very often there
isn't, you see. There is a top limit. At certain temperatures things
begin to melt. At certain temperatures things begin to decompose. At
lower temperatures they just last more or less indefinitely. And the
whole idea of getting more information on this was that if we could get
reliable information at 125, there are probably a lot of materials that
would take 125 almost indefinitely, you see, whereas the bacteria would
of course slowly be killed off.

We hope you will add things where you have a large margin of
safety with material, which isn't necessarily true of the biologicals, of
course, which are notoriously sensitive to almost all kinds of sterilization.
We are in mechanical things where we hope we can pick processes which have
a nice margin of safety on the effect of material. This means all the
materials have to be tested for compatibility to sterilization techniques.

MR. VARGA: I think we have to add impetus to what Dr. Bruch
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said and Dr. Opfell, and also Dr. Cherkin and Dr. Phillips. You have to
take each individual process that we are going through in the particular
program that we are talking about, and determine what our probability is

for that particular assembly procedure in the spacecraft design. This is
what we have done on Surveyor. We run into various problems where we start
off hoping that we can sterilize everything by the heat process. We find
that we do have heat-sensitive components so we have to resort to other
type methods. This is where we get into the process of possibly accomplish-
ing a certain procedure of sterilit; through lO—3for one process, and trying
this into something else such as your heat process where we have a much
greater probability. Then when we sum or multiply this together, our
overall probability will come up to be the lower value. How we arrive at
10% is beyond my snalysis at this bime.

DR. HOBBY: My feeling from what has been said so far is that
the lO"4 tolerance really doesn't have too much meaning; that we have to
proceed on the basis of using the best techniques available and designing
the techniques as carefully as we can. Actually getting a number for a
particular procedure seems to me, from what has been said, not practical.

DR. OPFELL: I would like to make one additional inquiry to
sort of underscore Dr. Cherkin's comments about starting sterilization at
the initiation of design. It seems to me appropriate that for your type-
acceptance tests for all components that you really should perform these
on those components which have been exposed to your sterilization processes.
The sterilization is an essential manufacturing process in the preparation
of this component just the same as any cther element of the manufacturing

process, and it is only those components which are sterile whose reliability
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is worthy of consideration in terms of your spacecraflt.

DR. CHARLES PHILLIPS: I couldn't agree with you more in what
we are going to do in the pure necessity to use the best methods we possibly
can and don't ruin the spacecraft, and that is 1t. There existed of course
this lO~6 figure, and I have gotten into more arguments as to how this was
selected that I don't want to get into.

What Jaffe has really done, as I interpret this, he has looked
at our best methods, and with as good a method, to put a figure as he can,
he said what we can do right now is lO'11L and not 10“6. This, I think,
seems to have aroused no horrible thought. 10'6 was a figure, sort of wish-
ful or hopeful thinking. He said what we can do is something like 10'“. I
think this is a very worthwhile achievement. As far as I can see, no one
has gone into fantastic shock at the 10’6 as not possible. This is my
feeling as to it.

DR. HOBBY: lO"l‘L is something to aim at. It would be desirable
to heve some standard which you aim at. In other words, what is an adequate
sterilization procedure? You set up some kind of a standard and call that
adequate. It is just that we don't want too little sterilization. We
would like to have as much as we can. Perhaps setting a number would help
that.

MR. HASTRUP: I agree with you in the comment that you must try
merely to do as well as possible to some extent. I think that the number
is directly useful in some applications. For instance, if we are going
primarily to heat sterilization, then in establishing D values, we& can use
those to estimate the required temperature cycle that will give us the

confidence you want to achieve 10 . 1In some cases such as providing sealed
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enclosures to maintain this, it is going to be impossible to actually test

and determine that this is what you have. You are going to have to merely

do as well as possible to make that seal perfect. But in establishing the

basic processes of ethylene oxide and heat, I think we can utilize the .10"1‘L
number with our D values in coming up with the required cycles.

DR. HOBBY: That is true, but you can't completely verify the
technique.

MR. HASTRUP: There is still some element of doubt. There is a
confidence limit that we must achieve.

DR. REYNOLDS: Does this automatically mean that an experiment
that was not for some reason capable of sterilization to the level of lO-'4
would not be included in the spacecraft.

MR. NOWITSKY: It should, but probably doesn't at this time.

DR. HOBBY: That is s decision for headquarters to make.

MR. H~STRUP: Again I think we should be consistent. If we are
going to permit, knowingly, procedures that would be less than good for 10'h,
then why should we break our necks to heat things higher to get to lO'u? I
think that we should be consistent and choose some number that seems
practical enough and actually use that as the goal.

DR. REYNOLDS: That is another reason for having such a number so
that you can use it as a cutoff.

DR. WYNNE: I was going to raise a fundamental point here. Dr.
Cherkin certainly made an admirable distinction here, very well drawn,
between contamination of pharmaceuticals and vaccines and the problem posed
in Dr. Jaffe's report. Certainly certain numbers of skin spores have been

shown to be contaminated but no one really worries whether or not there
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are one or two B subtillis niger spores in the vaccine, because the body can
certainly overcome these with no trouble at all, and there is no problem.

We think one organism landing on materials will create a problem.
I don't think this is necessarily a hard and fast distinction. 1In the
first place, one organism might fall in certain parts of the earth and not
miltiply, but what matters, we have a different problem altogether. Unless
we just accept Sinton's work at face value that there are carbon-hydrogen
linkage, just accept this at face value -- and there is some question about
this -- then we are left with this sort of situation. Assuming that there
is not organic material there, elementary nitrogen is present, of course,
and carbon dioxide, then an organism from earth, and very little moisture,
less than one percent, an organism from earth would have to be capable of
miltiplying at a very low humidity level, fixing free nitrogen, and photo-
synthesizing simuiltaneously.

There is an organism which can, at least there is one well known
organism that can fix free nitrogen and do photosynthesis at the same time.
We tried to get this organism to survive under similated Martian conditions
and failed completely. Four days is about it. It just decreased log-
arithmically in numbers.

As you know, at the School of Aerospace Medicine, earlier work
has shown certain spore formers will survive under similated Martian condi-
tions, and presumably would multiply to about a ten fold level. There is
grave doubt now whether this multiplication, that is, increase in numbers,
I should say =-- whether this is real miltiplication or not. It may be a
modification of the dormant state of the spores. We haven't proved this.

It certainly is a very grave suspicion. It 1is difficult to attack this
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problem experimentally. I suspect that the earlier results were either
due to a change to the dormant condition of the spores or they were just
living off their own fat, so to speak, in the earth's soil, which is the
substrate we were using. If neither of these is true, it does not neces-
sarily follow that such an orgenism would multiply on Mars, particularly
one or two, or if a few, a very small number, are present in the space-
craft. Furthermore, these would have to be thrown out on the Martian
landscape even if they could multiply in order to miltiply.

So I don't think there is a hard and fast distinction. I think
one or two organisms probably wouldn't be anything to worry about in a
Martian spacecraft.

DR. HOROWITZ: Mars can fight back, too. It has some sort of
resistance mechanism. Even if we assume that Sinton is correct and that
there are carbon compounds on the Martian surface, and even if we assume
that the entire Martian surface is not as dry as the average, -- there
may be springs, there may be permafrost and actually wet regions -- there
may be some very favorable spots for multiplication of terrestrial micro-
orgenisms. Still there are other factors involved.

First of all, we are quite sure that any organism that lands on
Mars is going through a diurnal cycle of freezing and thawing. One thing
I would like to hear from some of the experts here is just how effective
alternate freezing and thawing is in killing microorganisms. It certainly
kills off some microorgenisms. You have to remember that we are not really
afraid of landing an organism on Mars, or of even it surviving on Mars.
The thing that we are worrying about as biologists is that it will mltiply

and change the Martian ecology. This means that any terrestrial contaminant
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has to multiply faster than it is being killed by Martian conditions.

We don't know a lot about Martian conditions. We know a few
things. One is that it is very close to being anaerobic. The other thing
is that temperatures at night go to very low levels, and there may be
regions of the planet where the temperature never gets above freezing even
in the summer. On the other hand, there are regions at the Equator where
the temperature gets to about 250 Centigrade, at least in the summer.

I think one thing we could use very effectively in this discussion
is more information about Martian meteorology than we have now and Martian
conditions. Perhaps we will have this before you really have to worry about
landing a capsule on Mars.

I would like to ask what any one here knows about the effect of
freezing and thawing on microorganisms. Suppose a terrestrial organism lands
on a wet spot on Mars where it can in effect germinate and multiply when the
temperature rises above zero, or say rises above minus 5°C. Then at night
it falls to minus 100°C. And this goes on day after day after day.

DR. OPFELL: There are two instances in food and drug work. One
is in frozen foods which have to be kept frozen because if they do thaw,
they have a proliferation of organisms. This is frozen foods. This also
applies to such things as stuffed turkeys that are stuffed and then frozen,
where you have a substantial time lag from the time that the outside freezes
to the time the inside freezes.

DR. WYNNE: That is a critical point, not just one thawing.

DR. CHARLES PHILLIPS: We have quite a bit of data on this. It
veries as you might suspect with the organism. Once frozen -- it can keep

on dropping or varying up and down -- the better off the organism is. It
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is the freezing process itself that makes it a little different as to how
fast and how rapid it is, or something like that.

By and large, I don't think you can say that just alternate
freezing and thawing would knock out earth organisms. The tougher type
certainly would not. We worry a lot about certain of the quite sensitive
pathogens where this does get to be a little bit of a problem, particularly
when the organism is in an environment where, even though it loses something
in the freezing, when thawed again it can proliferate.

With most of the tough organisms, probably on Mars, I don't think
that can take care of the question.

DR. CHERKIN: Aren't there some experimental data? I have seen
one fairly recent paper on this. It only covered a few organisms, by Harris.

DR. CHAS. PHILLIPS: We have a lot of data. There are loads of
data we have not published and do not particularly want to publish.

DR. BRUCH: A lot of that was done in the dried state. We worked
with the dried pathogens.

DR. HOROWITZ: They won't multiply when they are dry.

DR. CHAS. PHILLIPS: It seems to be a physical phenomenon that
the formation of ice crystals and so forth, disrupts the walls. When they
dry, just zero degree C does not seem to be any kind of point in effecting
the bacteria. Only in fairly moist conditions do you get freezing effects
and so on.

I think it is almost entirely cell wall rupture, something
mechanical.

DR. HOBBY: The cells are more susceptible when they are in an

active metabolic state. Is that true?
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DR. CHAS. PHILLIPS: Yes, sir.

DR. HOROWITZ: That is what we are worried about. No one worries
about dropping organisms on Mars in an anhydrous condition. They cannot
multiply, and it does not bother us. It is only when they fall in a place
where the conditions are good enough so that they can multiply.

DR. CHAS. PHILLIPS: But I don't think you can count on that.
Take it the other way around. I could not agree with you more than that
the probability of infecting Mars and having great growth takes place with
relatively few organisms.

I have used an analogy, I have used it for the first time at jet
propulsion, the probability of throwing a match out of a window and starting
a forest fire is very low. The thing you are worried about is if it could
happen, even though the probability is low, it would be catastrophic. I
agree with everybody, the probability of coming there three years later and
finding Mars completely overrun with earth organisms and every one of the
native life of Mars completely destroyed I don't think is high. However, I
do think that as long as there remains the possibility, it is something to
be quite concerned with.

DR. HOBBY: Up to now we have made the assumption that if we
landed a single viable organism on Mars, we would get growth. We simply
made that assumption just on the basis that we have not considered all the
possibilities or that we have Jjust wanted to be safe.

DR. QUIMBY: We have to make this assumption because we simply
do not know whether or not the organism will land in a favorable environment
for growth.

DR. WYNNE: I agree, but I disagree with Dr. Jaffe's conclusion

that this probability is practically unity of a single organism multiplying.

¥7



I think it is much, much lower than that. It might be more of the order of
ten to the minus 4 figure we are talking about.

DR. QUIMBY: You mean that a single organism would multiply.

DR. WYNNE: Yes.

DR. CHAS. PHILLIPS: I would like to make this one thought. The
probability really in my mind on infection, if you want to call it that,
of Mars, is whether or not the organisms were put in a favorable spot. There
it does not matter. If we say there is no need to sterilize, because if the
spacecraft goes down and opens up in a spring, as Dr. Horowitz talked about,
one organism will do just about as bad a job as a hundred thousand or ten
million. The probability there is whether it gets in the right place. If
it gets in the right place, numbers just are not very important. Am I clear?

DR. HOROWITZ: You are clear, but I don't agree.

DR. CHAS. PHILLIPS: This thing usually taking more than one
organism up -- incidentally we have published on the number required in
the human body of Tularemia as ten.

DR. QUIMBY: It happens to be low in tularemia.

DR. CHAS. PHILLIPS: Which shows all the human resistances, so
that while I think the probability of carrying on in Mars may be low, I
think the main thing to determine is where it lands if you put any number in
in the right place.

DR. HOROWITZ: If you put one on, it has to land in the right
place. If you put 108 on, and the space capsule breaks open, some of them
may fall in very unfavorable ground.

DR. CHAS. PHILLIPS: No doubt. But still nearby there would

have to be some kind of favorable location.

48



DR. OPFELL: I would like to offer some observations. Two of
the most unfavorable environments I can think of for microorganisms, one
is in JP-4 fuel which the Air Force is having a substantial amount of
problem with. They have isolated some fifty different varieties of micro-
organisms, most of them fungi, that are causing problems. Another area that
I looked at recently was some of the granite rocks on the east side of Rock
Springs. You can quickly count up to 25 different species of lichens that
are growing on the rocks. If density is an indication, they go through the
diurnal cycle from above to below freezing, in an extremely dry environment,
and all the moisture they get is out of the air, and that is precious little.
You don't really think in terms of one particular odd-ball species. There
are lots of varieties that can proliferate in unusual or "hostile” environ-
ments.

DR. HOROWITZ: How much do they grow?

DR. OPFELL: I don't know what the rate is. I expect it is
relatively low. The population on those granite rocks is rather large, the
total population.

DR. WYNHE: I once observed a fungus growing in chemically pure
hydrochloric acid. How it was doing it, I don't know. The rate of growth
of course was tremendously slow.

DR. CHERKIN: We have it in ten per cent copper sulphate solution
down around pH-3. We had to sterilize the copper sulphate.

DR. WYNHE: Of course if traces of fixed nitrogen are present on
Mars, then one might expect phenomene like this to occur. We don't have
any evidence really that there is fixed nitrogen. But if there is, such

things could occur.
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DR. REYNOLDS: Also, in addition to the problem of changing the
Martian ecology, Jjust the problem of recovering earth organisms in such
future earth exploration is to be avoided, even if not in large numbers.

DR. QUIMBY: Even if they did not multiply?

DR. REYNOLDS: Even if they did not multiply to such an extent as
to change the ecology, as Dr. Horowitz brought up, you would not want to
recover them.

DR. HOROWITZ: The chance of recovering them would be very small.
They would not be homogeneously distributed, it seems to me. That is a
risk that you almost have to take.

DR. HOBBY: If you keep the amount of contamination down per
vetlicle, the chance of recovering any of them should be very small.

DR. QUIMBY: Mr. Cheirman, Dr. Cherkin mentioned that you could
sterilize if you used a furnace. I think that this might be the place to
introduce some new data into the meeting. I will put it on the blackboard.
Maybe some of the participants of the meeting would like to copy this down.
This is a report from National Research Corporation, where they took two of
the more resistant organisms, B subtilis niger, and Aspergillis niger, and

put them in vacuum plus heat for five days. The vacuum was 10~ 1O

torr, and
the heat is indicated on the top line, -190°, -110°, 25°, 53°, 60°, 86°, 100°,
and 107°. Survival falls off very rapidly as one gets into the higher
temperatures up to a hundred where there was no survival either at 100 or
at 107 degrees.

DR. HOROWITZ: What are these numbers?

DR. QUIMBY: Per cent survival from a starting population of a

million. Survival of Aspergillis niger also falls off rapidly to .03 per



cent at 100 degrees, and even some survival at 107 degrees. I have
another report from the National Research Corporation on Aspergillis niger,
using & combination of insults different from this. This is vacuum and
ionizing radiation which are two of the conditions that we could figure
as being used for the sterilization of spacecraft, either in a special
sterilization facility or during the flight itself. Beginning with 1.3
million organisms and using 100,000 rad, and irrsdiating a sealed-off test
tube containing microorganisms four to five days in the vacuum, this resulted
in the recovery of 140,000 microorganisms. Using once again 100,000 rad,
but placing it under a dessicator, just containing silica gel, the number
dropped off very, very rapidly to 920. If one increases this rad to 200,000
plus the above vacuum, the recovery from 1,300,000 organsims is 1,000. Then
they had a very strange result. If they exposed the organisms to a vacuum
for five days, and then let air into the tube before irradiating it with
200,000 rads, the number dropped down to only 42 which they were able to
recover.

DR. REYNOLDS: Was this dessicated air (by the way) that was
allowed to come in there?

DR. QUIMBY: This is free air. Ambient air.

DR. REYNOLDS: Room air?

DR. QUIMBY: Yes.

DR. REYNOLDS: Not dry air?

DR. QUIMBY: No, this is air containing moisture. Then, if they
stored the sample organisms in a dessicator for one week and exposed it to
200,000 rads, they got no recovery whatsoever. In the interests of follow-

ing up on this further we also had Wilmot Castle do some similar work but
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using a combination of radiation and heat. I studied a bibliography from
Charles Phillips on this subject, which was somewhat inconclusive, and

so we had a quick test run up at Wilmot Castle, Carl, after you left, I
think.

DR. BRUCH: I set up the initial experiment.

DR. QUIMBY: These results are very interesting and then I will
turn the meeting over to our chairman. Once again, using B subtilis niger
and exposing the organism to 184,000 rad, just the radiation treatment itself
reduced the one million organisms to 59,000. But then when they started the
application of heat for one, two and three hours, quite an interesting thing
developed.

DR. HOROWITZ: What temperature?

DR. QUIMBY: 120 degrees Centigrade. Starting with a million
organisms, 184,000 rad reduced the population to 59,000. One hour of
120° C. resulted in a recovery of 4,000 orgenisms after the first hour.
After the second hour, the recovery was 290. And after the third hour, the
TeCOVery was zero.

DR. BRUCH: The essential conclusions that I draw in looking at
the data that they sent me is that there was no synergistic effect between
dry heat and radiation.

DR. QUIMBY: I thought there was some synergism.

DR. BRUCH: It is essentially additive. In terms of D-values,
in one hour yoﬁ should have destroyed-reduced tenfold.

DR. QUIMBY: The reason I did not think they were additive is
because normally it takes a much larger radiation than this to get this

result.
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DR. BRUCH: You have to realize that your radiation only knocked
it down. Actually the figure should be, according to what I have here,
90,000 organisms. Then from the 90,000 you start adding your heat, and
we know for this particular organism the D-value to destroy one log, 90
per cent of your population, is one hour roughly.

DR. QUIMBY: You cannot accomplish this in three hours at 140
degrees C.?

DR. BRUCH: 'This organism we would destroy roughly in a little
over six hours.

DR. QUIMBY: I thought this one was especially resistant to heat.

DR. BRUCH: Yes, it is. But this population, D-value of one hour,
would take a little over six hours to destroy with live heat.

DR. QUIMBY: Your conclusion is that they are additive and not
synergistic?

DR. BRUCH: It is based on the population level after you got
through with the radiation treatment, the heat did not kill any faster.

In other words, with 90,000 survivors, this should take three hours of dry
heat to kill. In other words, if we started with 90,000 unradiated and
90,000 radiated, it took the same amount of time to destroy the population.

DR. QUIMBY: You mean with that small population?

DR. BRUCH: Yes.

DR. QUIMBY: Dr. Phillips, this is exactly what you tried to
tell me over the telephone a couple of weeks ago. |

DR. CHAS. PHILLIPS: I think I said if there were a very pro-
nounced effect, somebody should have stumbled across it by now. We have

something in the literature. Some said there is a little synergistic effect,
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and some think it is the opposite effect, and survivors to radiation are
a little more resistant.

DR. QUIMBY: This idea of being able to insult the organism
similtaneously with two different penetrating stresses at low intensities
and obtaining synergism was a hope of mine. The way we stand now is that
we have to heat or irradiate at such high intensities that mission
reliability is jeopardized.

DR. BRUCH: Even though the effects on the organism here are
strictly additive, using two sub-sterilizing treatments to get a sterile
effect, you might do less damage to your components going that way.

DR. HOBBY: We do not know whether or not the same type effect
would apply to the component material. Of course this we would then have
to also evaluate.

DR. QUIMBY: Dr. Bruch's statement is that even though these
are merely additive, it is still a worthwhile consideration because you do
not have to use as much of either of them. Isn't that your point?

DR. BRUCH: Yes. Just saying the six logs, you come down three
logs, 300,000 rads, and then three hours with the dry heat, and still come
up with a sterile component or spacecraft.

DR. WYNNE: That is exactly what I was thinking until the
chairman ruined my thoughts by saying these effects might be additive by
destroying the components, too.

DR. PERKINS: On the previous study, what was the degree of
vacuum?

-8

DR. QUIMBY: 10 to lO"lO torr. The vacuum looks like it will

do us no good at all, but the heat and ionizing radiation in combination
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I think might be further explored.

DR. BRUCH: It might be the reverse effect with B subtillis
niger. We were running at 100 degrees C. and I think our curves are 12
days, maybe longer than that. We have them at 110° C and 100°. We have
not sent the data to you. We were doing this for Thiokol on the solid
propellants and the data arrived eventually at Hughes. I know in terms of
B-subtillis niger the vacuum enhances the effect of heat. With aspergillis
niger, it is just the opposite, it seems. The vacuum increases the resist-
ance of the organism.

DR. OPFELL: I would like to make another pass at the guestion
I originally asked with respect to Item B-2 on the agenda, the reliability
of single temperature heat sterilization. I would like to address the
question primarily to Dr. Phillips and I would like to put it in terms of
perhaps three components, because I am really quite seriously interested in
how we are going to use these figures. FPirst I would like to ask, if this
ten to the minus 4 has relevance to deciding on what is usually called the
fiducial probability on which you design your sample size for a specific
viability; in other words, you are going to determine whether the material
is sterile or not by a specific viability test. The fiducial probability
determines how large the sample size will be. I made a reference earlier
to the mill standard 105-A which, given the fiducial probability, you look
at the sample to determine how large the sample should be. If you do this,
this has applications to the costs of demonstrating this reliability, specific
implications with respect to the operating characteristics of the tests, it

specifies what you call the producer's hazard and the consumer's hazard.
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In other words, you balance off the interests of the engineering reliability
against the sterilization reliability. What I am saying is that if it is
a fiducial probability, this has certain cost implications which we should
certainly be able to calculate out to determine what the usefulness of this
level is. The second possibility it might mean, is the spacecraft really
sterile? I don't really understand how this could be a really meaningful
question because a spacecraft, after it is constructed, either is or is not
sterile, and it is not a probability question. We can only determine the
sterility in terms of viability tests. We have never tried a viability test
for all the organisms. It is a possibility, this is what it means. The
third is what Dr. Price referred to, the possibility that it refers to
fractional reduction of initial populations. Does it mean if we start with
an initial population of say, something of the order of lOll, which is
referred to here, that we reduce that to a factor of 104. Is this whatv it
really means? Or are there some other meanings?

DR. CHARLES PHILLIPS: One thing I would like to say, in our
own work, in our own laboratories, we do not use the same type of testing
as the pharmaceutical people. We are studying methods. We have always
counted all the steps along and plotted. In other words, you have a log
reduction so we can work out the same formula, the D values that they talked
about, rather than just do a procedure and saying yes or no. Then usually
from what plots, down to zero, this takes less testing to find out what
ought to be the usual thing with such and such a procedure. Then we usually
add a nice margin of safety on it. And with most of these things, either
ethylene oxide with heat there is not much damage to the material so that

you can add a longer time on something like that. We are not intensifying
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the effect; we usually intensify the time factor which usually does not

do much to the material, so that you get away with less testing. As to
the second question, I don't see how we can do anything but take processes
that we may know the margins of safety, and I think we can use a higher
margin of safety factor than on pharmaceuticals because by and large,
spacecraft are relatively rugged. Then you are coming back to something
like what Jaffe did here, you are using the series of processes where each
margin of safety has been considered. We test various components and I do
not see why you have to test every blasted component. There are differences
of bacteria encased in a solid object with nitrogen present or not.on a
glass cover slip, on a piece of cotton, or on a hard surface. I don't see
anything we can do except take techniques which we have measured and study
particularly the killing rates of the techniques.

DR. HOBBY: My impression is that in the drug industry, the
tolerances are not as high as we are asking here. Is that correct ?

DR. BRUCH: That is my impression.

DR. HOBBY: Nevertheless, it appears we would have to use
approximately the same type of techniques in our spacecraft sterilization
because we have no other alternative, it would seem.

DR. CHARLES PHILLIPS: Down at Cape Canaveral, for example, the
monitoring on the ethylene oxide was done at every half-hour on the hour.

MR. HASTRUP: It is usually done every hour.

DR. CHAS. PHILLIPS: The chemical sample was taken and a
relative humidity determination was made. While no effort was made to
determine sterility, we did determine that the ethylene oxide did indeed

stay there. We knew the relative temperature and relative humidity. We
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had an hourly check of temperature,concentration and humidity.

MR. OPFELL: What you are saying is that sometimes one can go
overboard in terms of sample sizes and statistical tests to verify some-
thing, where actually you can get more significant information by simple
tests, or by such things as measuring viable organisms on the outlet
filter with the ethylene oxide circulating system or something of that
nature, a very simple thing to test, and if it fails, no matter how fancy
your statistical tests may be, you simply have failed.

DR. CHAS, PHILLIPS: I would personally object, to make you feel
a little happier, if we put several billion spores in there just to be sure
we could run a sample. I would rather keep the whole thing clean and free
of all the resistant spores, test them in the laboratory with a nice rate
and determinetion of D values, and when you go there, try to keep it clean
end don't open it up or touch it.

DR. BRUCH: You are implying we should not run biological
controls? I am against that. I know in our own work with gaseous sterili-
zation we wouldn't let anything go out of the plant unless we would run
biological controls, even though we were doing.relative himidity sampling
and ethylene oxide. The final test that the produce was sterile was running
something as Dr. Cherkin suggested. We used paper strips impregnated with
spores. He used a soil sample.

DR. CHARLES PHILLIPS: To actually run the risk of adding
additional contamination, you can do all kinds of biological tests except
when the chips are down, and then I would like to see the thing as clean as

possible.
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DR. BRUCH: You could still expose it to the same deleterious
agent that you are using to sterilize the capsule. If you are still in
the shroud, I don't see why you couldn't put in some spore strips in the
shroud and be able to retrieve them for sterility testing even though you
are doing the gas anslysis and the humidity analysis.

DR. OPFELL: Certainly if you have your gas re-circulating,
the gas leaving the shroud on the down-stream side of the shroud should be
at the same composition as that entering at steady state. So you can put
all your biological controls down-stream of your shroud, and they are easily
retrievable.

DR. CHARLES PHILLIPS: Of course there were a series of tests
with the same shroud and temperature. The thing was contaminated and you
did do biological sampling. Say you get a biological sample out of this
thing. By the time you read it, the thing is very apt to be an unreliable
sample.

DR. OSWALD: I am very new in this field. I want to find out
if I am correct in what I have gathered so far, that the problem really
boils down to penetrating sterilization rather than surface sterilization.
In other words, everyone agrees that surface sterilization is relatively
simple, and penetrating sterilization is very very difficult. If this be
true, then we might ask ourselves the question, is deep sterilization
really necessary? Is this penetrating sterilization essential? If the
sterilant can't get into these parts, how is the microorganism going to
get out of the part? These organisms are after all protoplasm, not ectoplasm.

They can't squeeze out of a part that they have been thoroughly embedded in.
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S0, couldn't these non-sterilizable components be built so that they would
have less than 10‘“ possibility of rupture when they hit?

DR. QUIMBY: That is a good point, perhaps at least some of
them could be so built. Also materials which would absorb some of the
impact energy could be utilized where appropriate.

DR. OSWALD: Do we have to sterilize everything that the
engineers bring us in this system, or can't we tell the engineers what we
can sterilize and what we can't sterilize, and how thick the piece should
be -- if it is a given material, how thick the plece can be that we can
sterilize, and so on. And then possibly components which are not
sterilizable could be made so that they would not rupture, that they
wouldn't break up.

DR. QUIMBY: I think the answer to whether or not we need
deep sterilization or only surface sterilization depends in part on whether
the spacecraft does what it is supposed to do or not. If it comes in and
lands on the planet at 50 feet per second on a parachute, it will not break
open and the deeply-oriented contaminants will not get out. But if some-
thing goes wrong, and the capsule crash-lands on the planet, then many of
the deeply-oriented organisms will break out unless, as you say, you design
certain components so that they will withstand considerable impact.

DR. OSWALD: I think it should be designed for the full
velocity of impact and still keep these organisms inside the little blocks
of whatever they are inside of.

DR. PHILLIPS OR DR. WYNNE: The point was considered very much
at one time, and there was even some talk of some experimentation. On the

lunar shot, at the speed at which they are going, I don't think a bullet
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would splatter, probably something like this. Solid metal would break apart.
The best data we have on what the effect of some kind of a shock on micro-
organisms that I know of is that of withstanding a high explosive, and

spores do survive being intermittently mixed with high explosives and in
having the high explosives detonate. These things may be higher pressure
bands and higher instantaneous temperatures on a very very hard impact
landing. Admdiyweju%(bnwlmmvmmlmﬂiﬂﬁslmﬁh@xmgmlm,wmmmw
things might break open or not. It is on the basis of that that we did the
first things of cracking open and finding out whether anything lived inside
the sealed objects. If nothing was living inside them, if all died off in
two or three weeks alter you sealed off a transistor, there was no worry.

We have gone now over a year, and I think there is more data of bacteria

in solid plastics. We put spores in plastic polymers and polymerized the
plastic, and after a year we could sterilize the outside, open them and

find living microorganisms. So they stay at least sealed imbedded in plastic
for a year. I don't know if there was some decay rate, or to what extent.
All these things aren't a year old for a space shot. It can be that a
really hard landing might have higher pressure and shock waves than some of
these figures; there was some talk of that. We just don't have data in that
range.

DR. LYNICH: Would you know ahead of time, a few minutes, seconds
or so, whether you were going to have a hard landing or a soft landing? 1In
other words, could you build in the system some type of fusion device that
would sterilize if something went wrong just before landing?

DR. QUIMBY: You mean a sudden in-flight sterilization or

destruct?
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DR. LYNCH: Just before crashing. Say, like a small atomic
bomb.

MR. HASTRUP: If we lose commnications, we have lost --

DR. LYNCH: And you could not destruct it.

MR. HASTRUP: We couldn't send instructions to it.

DR. QUIMBY: On Mars it would take quite a few seconds of lead
time. It is at least 30 million miles. It would take quite a few minutes
of lead time in order to know whether or not you were in trouble.

DR. CHERKIN: On that tack, couldn't you visualize a sensor in
the capsule so that if it is coming toward a solid body at too high a rate
of speed, it Jjust sets off a hydrogen bomb or something like this and
sterilize itself?

DR. LYNCH:; Couldn't we sterilize just before impact if
necessary?

DR. HOBBY: I don't think that would solve the problem.

DR. WYNNE: Even a signal would take three minutes to get there,
or two and a half minutes.

DR. OSWALD: Rephrasing my question, can we predict, at meteoric
velicities, what will and what will not survive? In other words, obviously
a piece of glass would not contain any microorganisms within it because
during fabrication the temperatures were up in the 16 or 17 hundreds. A
piece of glass would obviously disintegrate into a piece of sand or something
smaller. I can visualize polyethylene components just bouncing.

DR. OPFELL: I think in terms of the experience that your group

4
and Dr. Price's group had in recovering below the order of, say 10 from
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solids, that this is not a simple problem to break these up at even very
high impacts, and the point that they may not come out is quite a relevant
one. I think that we want to also, however, temper this encouragement
from this standpoint, the question of how long will the solid remain on
the Martian atmosphere and what are the conditions of these solids. It
msy be that while they are not liberated on impact, that after the weather-
ing of several years in the Martian atmosphere, a variety of things would
happen. These could be things that we could establish, those components
which are safe and those which are not.

DR. OSWALD: This would be an intensive study of materials,
their impact and weather resistance.

DR. OPFELL: A study of materials rather then organsims.

DR. OSWALD: Yes.

DR. HOBBY: These are excellent points. We have covered pretty
much Item 7, the sterilization tolerance, and we have also touched on Item
2 to an extent, in discussing the heat sterilization. And also we have
covered pretty much Item 3-a on the tolerances and problems. I wonder if
we could get to this Item B-1 now, which is the problem of maintaining a
spacecraft in a sealed condition after sterilization. In the Jaffe report
there is a calculation which indicates that in order to preserve this
tolerance of lO')+ after sterilization that the maximum permissible leakage
into the shroud could be around .28, about .3 of a cc, which would be during
the time after sterilization until the shroud is ejected beyond the
atmosphere. It seems like an impossible engineering accomplishment to build

a protective saroud with that kind of sealing capacity. I wonder if any
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of you have any comments on this, or bright ideas cn how we might build
such a protective device.

DR. OPFELL: I have been reading an interesting book by Dr.
Gumble on the statistics of streams. He addresses himself to the problem
of building dams for floods. For example, the point he makes, and it is
a good cne, is so often we study the mean values and values of central
tendency. But in cases where the outcomes are possibly catastrophic,
that Dr. Phillips referred to earlier, we should be studying the statistics
of extreme values. If you are looking at these shrouds, I don't think we
really are concerned with the mean performances of these. We are concerned
about the extreme instances, the unusual cases of human frailty in terms
of remembering to put the filter in, or to put the filter in correctly. or
to lock the fastener or something of this nature. It is in this area where
we mist identify these systematic effects that are going to come into play.
It doesn't seem to be relevent to talk in terms of lO_u. This implies a
probability effect. These are not probability effects, these are things
that are "yes" or "no" effects. It is either the thing was done correctly
or it wasn't done correctly, but there is a terrific number of them. One
has to establish what these possivilities are and absolutely fence them off.
Any of them, if it isn't done, leads to total failure. It is like a flood
over a dam of a certain size. If it is less than that, there is no problem.
If it is greater than that, you have a catastrophy down the stream.

DR. HOBBY: I think what you are saying is that each part of
the handling of the shroud, for example, the manipulation of putting it

on and sealing it, each step has a certain probability of introducing
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contamination, or say after it is on, the gassing procedure and the purge
procedure, or the transporting of it from the area where the sterilization
is done to the gantry, that there are probabilities at each step that you
might re-introduce contamination. The final result is that after all of
these things are done, you still want to end up with a net probability

of lO_u.

DR. OPFELL: No, that is not quite what I am saying. What 1
am saying is that there are a number of things that go into the operation
of the shroud, transportation and so forth. If these things are done
properly and the engineering is proper, then the probability of contaminat-
ing the craft from this factor is zero. If it is done improperly, you can
say essentially nothing about the contamination. So the safe thing to
assume is that it is contaminated with unknown amounts of orgenisms. So
that rather than being a probabilistic phenomenon, it is one of engineering
design.

MR. HASTRUP: I think that is a very good point. I would like
to mention one other factor that enters in the shroud problem, and that is
the aerodynamic pressures and heating that it goes through the atmosphere,
under which we have no control after it is once launched. We can attempt
to design it, attempt to test on the ground under similation, but we, in
fact, are not entirely realistically. There may be something that goes
wrong. It may warp or do something so that the seal is broken after it has
already left the Earth. So, I think this type of a catastrophic failure

mist be considered.
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DR. OSWALD: But is there a basis on which one can make any
probability statement?

MR. HASTRUP: I could mention one technique we attempt to use,
and that is to maintain positive pressure inside the shroud at all times.
This would tend to eliminate some factors. It still means we have the
question of filters, maybe, or whatever you are using, to maintain positive
pressure. Also, we have a problem in that we can't maintain this positive
pressure entirely within the shroud entirely over the whole surface during
ascent because the aerodynamic pressures become greater than what we can
tolerate as an internal pressure. There is one other concept we might use,
and that is to put an internal shroud inside the main shroud to avoid the
aerodynamic effects, just around maybe the capsule that we are most concerned
with. Then we have confined our problems still more and we can concentrate
on a smaller area and less factors.

DR. OPFELL: This is what I am saying. It is a matter of
engineering design and these are engineering steps.

DR. HOBBY: Do you have to verify that engineering design?

How do you do this?

DR. OPFELL: The usual procedure is by appealing to Newton's
laws of motion and data on mechanics and materials and this sort of thing.
Some things have been well enough established that you Just really have
little need for testing purposes.

DR. HOBBY: I think there is one major problem and that is the
actual seal. You have a very large cone which could be of a clam-shell

configuration, which would split so that you would have an extremely large
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sealing surfece. The question is whether or not it is engineeringly
feasible to design such a device and maintain a seal, an adequate seal
over all this surface. Unless you do have positive pressure inside at
all times, it seems to be quite unfeasible that you could maintain a
maximum tolerance of .3 of a cc.

DR. CHARLES PHILLIPS: I didn't read three-tenths of a cc
in Jaeffe's paper. You mean this is the amount of air he thinks should be
allowed to leak in while it is from ground level to 200,000%? I think he
got the data from you, I don't know whether directly or not, on how many
viable organisms there are in air.

MR. WOLFE: A magic figure of ten.

DR. CHARLES PHILLIPS: Ten per cubic foot. Of course, while
it is on the ground there is no problem. As long as it is holding air,
anything that will keep back molecules of oxygen and nitrogen will not
permit the entry of bacteria. The only thing is whether your shroud
will get some air.

MR. NOWITSKY: If it is designed properly, if the right
techniques are used, there is no reason why it should leak.

DR. HOBBY: How would you go about designing such a shroud?

DR. CHARLES PHILLIPS: One thing. If it does get a small
crack and you do get organisms inside the shroud during that four or five
minutes it is going through the atmosphere, I can't imagine they are going
down into very remote cracks, or something like that. And as soon as the
shroud comes off, it should get ultraviolet on it wherever the organisms
impinge.

DR. QUIMBY: That is right. You would get some sterilization

during flight from UV after the shroud is off.
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DR. OSWALD: What is the relative pressure in this hypothetical
vessel that is going out? It is going out into a diminishing pressure
field. Wouldn't the tendency be for the pressure inside the vessel to be
larger than the pressure outside the vessel?

MR. HASTRUP: It is at the point we are venting. The shroud
is vented to reduce the pressure inside, otherwise it has to be designed
so heavy to withstand the difference of pressure, and also at the time the
shroud is deployed it is desired to have no pressure inside otherwise there
would be a sudden release of pressure all about the spacecraft. So we are
venting the shroud.

DR. OSWALD: It always keeps delta-P down =--

MR, HASTRUP: Yes, it is one or two p.s.i. above, possibly, at
the point we are venting. The highest aerodynamic pressures may be at the
nose of the shroud. That could amount to a few p.s.i. so that we would have
a higher pressure there than is present inside.

DR. OGWALD: You mean there would be a difference of pressure
within this --

DR. HOBBY: At some point there would be a higher pressure
outside than inside.

MR. HASTRUP: The pressure varies over the outside surface.

We vent to a relatively low pressure on the outside surface, keeping the
inside down, below what happens to be the maximum pressure through aero-
dynamic loading.

DR. HOBBY: This might occur along the seal, so that there

would be a good probability of getting a leak at that point.
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DR. CHERKIN: Is it feasible before launch to spray the
capsule with a sterilizing fluid as you are using on mating parts?

DR. CHARLES PHILLIPS; This wouldn't stop -~ if there were a
leak to occur near the nose, the shrouds -- the shrouds, this one, is like
a clam shell. So it does have an opening all the way around, and the way
they get the capsule off is to have it open up like a shell. I think the
conversation is that there is a possibility of this happening before it is
at 300,000 feet or getting a slight crack. It is sealed. When it opens
it breaks the seal. This is discussing something which could happen. Even
though the air inside is at a higher pressure than outside, if the crack
were at the tip of the nose, the outside pressures could push a little air
in possibly. I don't know how likely it is.

MR. WOLFE: If there is something going to happen to the
pressure, pressure-sensing devices are very highly evolved. There are a
lot of excellent things in that line. Certainly you can push the destruct
button if something like that happens.

MR. HASTRUP: We are talking about something with a huge volume,
and the amount of leakage that is being considered is very very small, un-
detectable by any present pressure devices.

DR. PRICE: I think what we are looking for is a self-steriliz-
ing seal, based upon our knowledge of permeability of various gases through
polyvinyl chloride, and so forth. It is conceivable we could sterilize
through the seal. I don't have the engineering details worked out, but
perhaps we could use these permeation rates to our advantage so that we
could not only sterilize the mating surfaces but have the seal in there

which would permit gases to be vented and based upon molecular sizes allow
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nitrogen to issue forth and not permit microorganisms to enter.

MR. HASTRUP: You are talking about a filter?

DR. PRICE: A filter that would be in effect a seal for us.

MR. HASTRUP: This has been suggested, that we use essentimlly
a gasket around as a seal, or as a back-up seal, so that if there was an
actual leak, that the leakage would have to pass through a bacteriological
filter.

DR. QUIMBY: What kind of seal do you have now?

DR. PRICE: Metal to metal.

DR. CHARLES PHILLIPS: There is one other relatively simple
thing that could be done, engineering-wise. Some of the best bacteriolog-
ical samplers work on the principle that air goes around a corner real
fast. Bacteria have weight and momentum. We can have a hundred percent
efficient filter merely by putting a stream of air against a metal plate,
while the air goes around the plate the bacteria will all impinge. So that
if there were a lip in the inside of that thing, even if a little bit of
air leaked out. all it would do is impinge on the top part of that lip and
stick there. Then when the thing was opened and the shroud thrown away, it
still wouldn't have gone in. In other words, if the shroud is so constructed
that even if it opened a little bit and let a little bit of air in, that
air had to then make about a 90 degree turn, it would clean itself in so
doing.

DR. HOBBY: You could impact it on a sticky surface maybe.

DR. CHARLES PHILLIPS: No, you don't need a sticky surface.
Just metal will do it. /nd there are all kinds of bacteriological samplers

that are based on this principle.
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MR. HASTRUP: Of course the pressure of the vessel must be
controlled. It may be that these wouldn't work over the wide range of
velocity that could occur through the leak.

DR. CHARLES PHILLIPS: The mechanics of this, the theory of
impingement of small particles from aerosol, are very, very carefully
worked out. It would be very easy to work out what you would have at
certain leaks. I imagine if there is any overlap at all so that air would
go in, and impinge, you would catch it in the overlap. Frankly, I don't
think there is an extremely serious likelihood of contamination on the way
up. I think the mechanical factors are the factor that with a little look
at the shroud design so that we might know where the air jets might go,
where the microorganisms might go if there is a leak, will do it. If a
hunk of the shroud goes, you have probably aborted the flight anyhow.

MR. WOLFE: I don't know how practical an idea this is:

Can you keep the shroud on until you get through the Van Allen belts?

MR. HASTRUP: It is desirable to remove it as soon as possible
to save payload weight. They usually leave it on long enough to get above
the high aerodynamic loading. This is what has been determined. It happens
to be high enough so that we feel it is above the contamination level in
the atmosphere.

DR, CHERKIN: How hot does that shroud get?

MR. HASTRUP: I don't have any figures.

DR. CHERKIN: Is it metal?

MR. HASTRUP: On the Ranger it is metal, largely metal. On
the Centaur launch vehicle it would be plastic, fiberglass construction,

by and large. This is partly to serve as an insulator because the heat
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loading is fairly high. They like to keep the inside temperature down so
there wouldn't be any smoking or burning of inside material.

DR. PRICE: Getting back to an earlier comment of Dr. Phillips
of the hospital sterilization nurse, one thing we hit upon in quizzing
personnel working in cleaning room procedures, and those individuals who
would be directly responsible for maintaining the degree of cleanliness
adequate, was an awareness that at any time there could be a relaxation
of the sterility characteristic based upon a last-minute decision to go
ahead even though it is not quite sterile. We expressed one hope, that
if they bestowed the responsibility of maintaining sterility, they would
like an assurance that there would be no relaxing of this so that from a
human factors point of view they want us to have a solid front and have no
possible exceptions made. This would introduce the problem of the very
important aspect of the human factors of education and integration problems
that the whole sterilant program brings to bear in a launch.

DR. QUIMBY: Organization, policing, control, and authority.

DR. PRICE: Yes. It is extremely important. People concerned
have this fear.

DR. OSWALD: What if this shroud were pressurized with ten
percent ethylene oxide in COE?

MR. HASTRUP: It only takes a few minutes to get up to where
it is deployed.

DR. OSWALD:; I am only thinking about the last minute
pressurization to make sure it docsn't become contaminated at the last

moment, at the time of separation, or something like that.
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MR. HASTRUP: I thought you were thinking that by introducing
ethylene oxide I may sterilize anything that came in. Is that what you
have in mind, that you would prevent recontamination by sterilizing with
the ethylene oxide?

DR. OSWALD: This takes too long.

MR. HASTRUP: Yes, this process takes a matter of hours.

DR. OSWALD: We are assuming that we have a sterile unit to
begin with, and you are simply maintaining sterility up through the
atmosphere.

DR. HOBBY: That is what we are trying to do.

DR. CHARLES PHILLIPS: If I understand the question, the
point you raise, ethylene oxide wouldn't be rapid acting enough. This
is only a matter of a couple of minutes and the inside atmosphere is all
being rapidly lost anyhow, you see. The concentration is dropping as fast
as it can. You are losing it. The engineers don't like ethylene oxide
for another reason, particularly when they are using it with freon. It
weighs more. It adds quite a few pounds weight. They would like to
replace it at last with a gas; air, for example, or nitrogen, that is
considerably lighter in weight, and you gain several pounds by taking the
ethylene oxide out.

DR. OPFELL: I think the substance of the discussion here,
when we originally reised the question, was the probability of sealing in
the capsule. I made the contcention that this is primarily an engineering
problem or can be solved by engineering. I think this has been pretty
mich confirmed by the discussion. I think Dr. Price has made a very

important point in the area in which it should be emphasized, namely, in
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the aspect of industrial engineering. His pointing this out reminds me
in terms of the pharmaceutical industry, that is where we put our first
effort.

DR. PRICE: We took a hypothetical vehicle and moved through
operations leading up to the launch site. All the way along the way the
observations made confirm your earlier comment. There was either a
maintenance of sterility or a complete break. We couldn't ask about the
contamination that had occurred. When we began examining the breaks, they
were all severe. 1In the loading platforms, before they were shipped at the
Cape, and at the Cepe, contemination levels were extremely high, higher
than one could attempt to ascertain.

DR. HOROWITZ: It is still a probabilistic problem in the
sense if you carried out these same procedures a million times you would
have a few instances where you got contamination, even though everything
worked apparently perfectly. There is no real ultimate sterilization in
this sense. I have been bothered ever since the comment Dr. Opfell made

b meant. I think he

about an hour ago; he said he didn't know what 10~
should explain this. If you start with a load of lOll organisms does it
mean you are reducing them by a factor of lO'h, in other words to 107, or
does it mean you are reducing it by a factor of 1015, to lO‘h? My
interpretation, the latter is correct.

DR. HOBBY: I think I did mske that statement.

DR. HOROWITZ: Does it give you a kill so there is only one
survivor out of the population of 1015?

DR. OPFELL: I hope the rule is that this refers not to a

priori probabllity but to & posteriori probability. In other words,
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trying to decide from empirical data what the orders are. This we do in
terms of defining confidence limits on what the true situation is from
measurements.

DR. HOROWITZ: 1If you have mortality curves you can predict.

DR. OPFELL: We don't want any number there. We don't want
to end up with 10 or 15 but zero. We can afford to spend only so much
money to establish this. Beyond this we can't do it. We used this
number in order to decide what it is going to cost us to get a certain
level of confidence on the zero contamination.

DR. HOROWITZ: You never can end up with zero. Organisms
die exponentially.

MR. NOWITSKY: You are not sure of any of the mission parts.
You just do the best you can.

DR. HOROWITZ: This is the goal. Nobody wants more than one
contaminated payload out of lOu.

DR. CHAS. PHILLIPS: I read a different thing into his report.
He looked at what we were doing and can do and figured it came to about
lO'u. Then he asked, would we buy this, would our current procedures

give us lO'h.

This is as I read his document.
DR. HOBBY: I don't think that is true.
DR. BRUCH: I don't think it is either.
MR. HASTRUP: I thought he arrived at a number on a scientific
basis of what we would like to achieve biologically, and I think that he
would believe that if it was necessary to have 10'6,that this could be
achieved by a simple means of heating as he actually proposes for

achieving 10’“. I think he tried to arrive at the number initially on
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what we would like to have as a goal, the lowest possible goal that we
would accept, and what procedures could be utilized to achieve that goal.

DR. CHAS. PHILLIPS: I thought he ruled out complete heating.

MR. HASTRUP: He recommends it.

DR. CHAS. PHILLIPS: Does he think he can get it with the
first Mariner shot?

MR. HASTRUP: He does leave a loophole, that you can possibly
get by with glove-box assembly in case we do have a few exceptions in the
early missions.

DR. HOBBY: The recommendation was that we use total heat
sterilization, and that if there were any exceptions, in order to achieve
these tolerances we would have to use a dry-box procedure, using ethylene
oxide. One step cthylene oxide processes. What we mean by that, you put
the things to be as:imbled in a dry box, unassembled, you sterilize with
ethylene oxide, purge the box, and then proceed to do the assembly. He
did not consider the use of liquid sterilants at all satisfactory for this.
So actually the only alternative was the dry-box procedure using ethylene
oxide.

Second, as a development engineer I would like to mske a
comment. It appears that what you are trying to do here is establish the
highest level that you can achieve. It may be that by establishing a

level of lO'h

, for instance, you, as a matter of fact, achieve a much lower
level in practice than you would by establishing a lower level as a gosal
initially. As a typical "for instance" of this, let's talk about the
Thiokol retrorocket where the goal was to try and achieve 10'u and the

only method of achieving this, -- and there are many components like this --
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was terminal sterilization. fn attempt then was made to develop a compon-
ent in which this was to be the primary mechanism. It came out that it
was impossible to sterilize this by this technique send so you have no
sterilization period. You solve the sterilization problem by a waiver.
let's say -- yes, that is exactly what happened -- let's say that ]_O"l+ is
established, and on the basis of this 10'4 say okay, the only way we can
achieve this is terminal sterilization. And so you go down to the line
saying this is the way we are going to do it, we are going to achieve this
level. You then get down to the Cape and you find out that there is a
transistor, a squib, a diode, which cannot be thermslly sterilized. You
now have a choice, you either do not fly or you do not thermally sterilize.
If you fly, you fly with the spacecraft whose contamination level is much,
much higher than you might have achieved if you had said lO'l or 1072,
Recognize that there may be some things like this and say that we will
accept a lower level and we will accept some of this glove-box technique.
As a practical development problem we have seen on the lunar program that
we are ending up with non-sterilized lunar spacecraft, and there is no
question about it. We are not sterilizing. We have not sterilized the
Rangers; we are not going to sterilize the Surveyors. This is fact.
Whether or not we sterilize the Mariners, or what level of sterilization
we achieve, this to a great extent may well be on the basis of the level
that you people establish. If you establish lo;“, you may get nothing. I
think it is worth considering. My point is that if we aim at lower
tolerances we may get still lower tolerances. It seems to me you always

shoot higher if you expect a hit.
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MR. PIASECKI: Except by shooting higher it may make you miss
the target completely. You must recognize that there is another probabil-
ity in shooting very high, that you may go $o a mode that you now have to
insist upon, or you get nothing. This is the only point I am making.
There is no question, of course, that in everybody's mind we want to
achieve as high a level of sterility as is possible with all the practical
constraints that are in here. But the concern is that you may end up by
establishing a very high level of sterilization. The implications of this
in a practical sense may be that you have to go to thermal sterilization
after all. Then you may find out, late, as a typical "for instance" that
perhaps we should have put inputs into the designers, that they make the
components thinner so that the heat capacities are smaller. The Mariner-
B capsule is on the design table now. In other words, the inputs that
you should have put into the designer should have been based on two years
of work which should have been done two years ago. It is too late to put
these inputs in. You are going to have to take what goes. The safety
people at the Cape have the same problem. They complain because the squibs
are much lower-powered squibs and it is unfortunate. But those squibs
were designed two years previous to when they established their require-
ments. You simply can't make these kinds of changes.

DR. QUIMBY: I don't think it is too late. I think the
Mariner-B capsule and its components can be looked at one by one. I think
we have lots of time on Mariner-B. Perhaps up to 1966.

MR. PIASECKI: We may have if there are some changes in

schedule.
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DR. QUIMBY: That's exactly what I mean, so far as the
original Mariner B is concerned.

DR. REYNOLDS: There are one or two points I would like to
make. I think the prime impetus for our calling this meeting -- I am
not sure that I made this sufficiently clear at the beginning, although
maybe it was covered in the letter -- was that the Space Sciences Steering
Committee was asked to react to these proposed guidelines which you have
copies of. This further was to be passed on to the Biosciences Subcommittee
which isn't reslly fully formed yet, and besides would not have had the
kind of special knowledge that would be required really to go over this
thing in the way that we have been going over it today. One of the things
that we ought to be sure to come up with today, before we get through --
and thaet is the reason I am emphasizing it now -- is a pretty clear idea

of the extent to which we want to concur with these guidelines.

The remainder of the conference was devoted to the revision
of Mr. Jaffe's guidelines. These have in turn been revised by the Iowa
City 0SS Space Science Summer Study. The final guidelines are now as
follows:

1. For Mariner buses and booster last-stages, either sterilizetion
must be used, or trajectories must be controlled to insure not over lO'h
probability of hitting Mars and not over 10'2 probebility of hitting Venus.

2. A Mariner entry capsule for Mars should be given recognized and
accepted (official) sterilization treatment and handled aseptically there-
after. The gosl of these activities should be that there is less than lO-u

probability that a single living organism is released on the planet's surface.
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This figure tekes into account the probabilities of sterilization during
Mars entry and impact and of releasing organisms from the capsule at the
planet.

3. To achieve this probability, capsule sealing and separation
mechanisms must be designed to provide a very high degree of assurance
that leeks and malfunctions which would infect the capsule cannot occur
prior to or during launch or at capsule separation.

L. Capsule sterilization should, if possible, be by heat in the final
sealed container, with no access permitted or mechanically possible there-
after.

5. If heat sterilization of the entire capsule is impossible, heat
sterilization should be used on as large an assembly as possible, and
sterile parts, including fluids, added by a glove box procedure using
ethylene oxide in the box. All packages, components, materials, fluids,
and tools must be sterilized. Cognizant engineers should be held responsible
for sterility to be achieved and maintained according to procedures specified
and supervised by a Control Sterility Group.

6. A Control Sterility Group should be established as a unit within
the organization responsible for planetary missions. This unit should be
invested with authority appropriate for meeting the following responsibil-
ities:

a. Designation of certified (official) procedures to be followed
in order to achieve and to maintein the sterility of space
probes.

b. Instruction and training of cognizant engineers in specific

procedures designated by the C.S.G.



¢. Continuous monitoring and recording of sterilization procedures
and sterility maintenance.

d. Reporting progress and results of sterility program directly
to Project Management and to NASA headquarters.

e. Recommending research and development work to improve
sterility procedures.

7. Assembly, disassembly, repair, or calibration operations on a
sterilized capsule should be permitted only under rigid sterility control.

8. Contamination of the moon does not constitute as serious a problem
as in the case of the planets. Nevertheless, lunar contamination should
be kept at a feasible minimum. For this reason the lunar probe sterili-
zation program should continue in order to insure that the contamination
of the moon will remain below that which will seriously interfere with
future biological and chemical surveys, and also to advance the art of
space probe sterilization.

9. A spacecraft sterilization handbook should be assembled that would
include the following:

a. Complete directions for effective techniques of sterilizing
spacecraft components, subsystems and assemblies. The various
techniques should provide for:

(1) Internal Sterilization

(2) Aseptic assembly and applicability of clean room facilities
(3) Terminal Sterilization

(%) other methods to include emergency provisions

b. Standard operational procedures for the determination of levels
of contamination.

c. An enumeration of key organisms, test material methods to be

used for sterility testing.
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d. Methods for the preservation and monitoring of sterility.

Appendices would include:
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Toxicities

Temperature vs. Time Curves

Physiochemical properties of sterilization agents
Handling procedures and provisions

Qualified components list



RECOMMENDED AREAS FOR RESEARCH AND DEVELOPMENT

Dr. Carl W. Bruch

1. Determination of levels and types of microbial contamination on surfaces
of fully assembled spacecraft.

A. The purvose of this survey would be to reduce the time - tempera-
ture cycles based now on sterilization of small soil samples.

B. A corollary project would be the determination of microbial spores
trapped within solids. On the basis of my studies with dry heat
sterilization, I predict that the assay of organisms trapped in
solids will prove to be an almost insurmountable task. The chief
difficulty will be the reduction of a solid to a particle size
thet will allow the outgrowth of individual spores.

C. It is my opinion that the level of spores entrapped in solids is
so low that dry heat cycles that will sterilize the outer and inner
surfaces of assembled probes will kill entrapped microbes.

5. Further confirmation of the D values for spores of known microorganisms.

A. Additional research on the biological factors (media on which
spores are grown, amount of bound water, presence of various cations
and dipicolinic acid in spores, recovery media, etc.) that in-
fluence dry heat resistance of spores.

B. Additional research on chemical and physical factors (type of dry
heat, amount of moisture in gaseous environment, stability of
gaseous environments around spores, composition of gaseous environ-
ments, etc.) that affect the dry heat sterilization process and
spore resistance.

3. Since it is this writer's opinion that dry heat will be the only agent
available for terminsl sterilization of a probe, heat penetration studies
should be conducted on assembled probes.

4. After these heat penetration studies are completed, a probe should be
deliberately surface contaminated with a known number of dry-heat resistant
spores, given a sterilization cycle based on the D values for the contam-
inating organism, and then be checked for sterility by disassembly within
a sterile hood system.

5. Research on liquid sporicides for mating surfaces and for addition to
monomers before polymerization.

6. Research on the sterile assembly of heat sensitive components or sub-
assemblies in glove boxes.

A. A program of adequate sterility testing must be set up to prove
that such procedures will yield a sterile product .
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T. Development of adequate shrouds or in-space surface heating methods
to preserve sterility of launched probes during exit from earth.

8. Determination of the ability of microbial spores to grow and reproduce
under simulated Martian environments

A. If it can be shown that no sporeformer can grow under Martian
conditions as deduced from latest scientific data, then an
additional reduction in the probability of an extraterrestrial
infection would be available.

Dr. Arthur Cherkin

If the biochemical correlates of thermal and chemical death in bacterial
spores are not accurately known, they should be explored. Presumably,
there is a rate-determining chemical reaction, the kinetics of which should
resemble the known kinetics of thermal and chemical death. Possibly
techniques could be devised for large-scale separation of just-dead spores
from viable spores, after short periods of heating or chemical treatment,
50 that biochemical changes in the dead spores can be studied before exces-
sive degradation has occurred.

Study of the nature of the influence of conmtact surfaces upon spore survival
is needed. Why are spores on soil more resistant than the same spores on
g8lass? Can we infer that thermal and chemical killing involves a reaction

at the surface of the spore?z If not, then why does the nature of the contact
surface affect spore survival?

I second the suggestion mentioned by Dr. Vishniac in Iowa City, that the
first lunar and planetary probes should carry sampling devices which can
take a sample of the surface matter and seal it off as an authentic, un-
contaminated, original sample. It would be desirable to have at least ten
such sampling devices striking the moon, Venus, and Mars, as soon as this
can be done. Obviously, such devices must have some means for signalling
their location, so that they can be found later.

It may be well to study the feasibility of applying a lightweight external
"cushion" to all components which cannot be sterilized internally, in
order to prevent rupture of the components and liberation of entrapped
spores during a hard landing.

One of my colleagues, Mr. John G. Hainsworth, suggests that it might be
worthwhile to re-examine the use of silver compounds adsorbed on various
materials, for sterilization of liquids and possibly for self-sterilizing
surfaces. Considerable work was done with silver sterilants for water
sanitation at Fort Detrick, about 1945-1946. I understand that Professor
Alexander Goetz of the Department of Physics, California Institute of
Technology, has considersble information on this type of sterilization.



Between now and planetary launch time, experiments involving all kinds of
materials may be proposed. It would be well to have an array of sterili-
zation procedures available, so that an important experiment would not be
rejected simply for lack of a suitable sterilization process. Further
study should be made of designing spacecraft to have an insert of sufficient
size to hold a potential new experiment, not conceived of today. The insert
should permit easy aseptic assembly into the spacecraft.

Unless a good system of positive controls is already in use, I suggest that
one be developed, to include: fail-safe procedure for introducing parts
with known contamination; and retrieval of contaminated specimens which
may slip by the normal control system. (Here, I do not have in mind pro-
tection against sabotage, but only against deviations which the normal
controls are supposed to detect.)

As a coincidence, the "Research Grants Index, Fiscal Year 1961," of the
Department of Health, Education, and Welfare has just reached me. Some
of the projects supported by HEW appear to relate to your sterilization
interests, and I therefore attach a summary of them, for your convenience.

Dr. Norman H. Horowitz

Aside from the obvious goal of finding sterilization treatments compatible
with all spacecraft components, I have only one specific proposal for
research in the sterilization area. This is to determine the viability of
various microorganisms under the temperature regime which obtains on Mars.

I realize that this is already being done by Armour, but I em not altogether
satisfied with what I have seen of their results. What I would like to see
is a thoroughgoing appraisal of the ability of a selected group of organ-
jems to survive when subjected to a diurnal freeze-thaw cycle such as occurs
at all Martian latitudes except those where the temperature is below freez-
ing at all times. What I think we might find is that organisms subjected
to this trestment will not survive if they ere in a medium in which growth
can be initiated during the thaw phase of the cycle. Cells which are not

in such a medium might survive without multiplying. It might also be pre-
dicted that cells which are in an extremely favorable medium might mltiply
enough during the period of thaw to offset the mortality due to the freezing-
and-thawing. This last point is the one about which there is the most
uncertainty. It is also the point of greatest interest from a biological
point-of-view, because it is only net mltiplication of organisms that is

of concern when we talk about contaminating the planets. Organisms which
merely survive are a negligible hazard.

In other words, I am proposing that Mars may be less hospitable to terrestrial
contaminants than we imagine it is, owing to the freeze-thaw cycle. I
would like to see this tested experimentally.
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Mr. Rolf C. Hastrup

1. Dry Heat Sterilization

a. More laboratory work should be done to establish a sound basis
for the dry heat sterilization requirement. It is not believed that the
work indicated in the latest Wilmot Castle work statement is sufficient.
The Wilmot Castle studies are limited to the technique of end point
determination for soils and other environments which enhance the resistance
of bacteria. More complete quantitative log survival data should be
obtained for soils and other environments in order to establish & more
accurate thermal death time curve than is possible by the present end point
determination technique. This may require separation of the organism from
the soils and re-inoculation onto sterile soil to improve control over the
experiment.

b.It would also be helpful to understanding the problem and designing tests
if the soil constituents could be segregated and tested separately or in
limited combinations to determine the effect on bacteria resistance. Ulti-
mately, such testing may lead to some understanding of the basic mechanism(s)
of dry heat sterilization which could prove useful in establishing procedures.

c. It may be possible that a combination of hest and chemicsel action
would be useful for sterilizing certain items which could not tolerate the
standard dry heat sterilization cycle. For example, it may be possible to
sterilize solid propellants at a lower temperature cycle if suitable chemicals
are present which will assist the accomplishment of sterilizetion. This
effort should be carried on in close coordination with the development of
components which are found very difficult or impossible to sterilize by the
standard dry heat cycle.

d. It is also possible that other physical adjuvants could be used to
advantage in conjunction with the dry heat sterilization cycle. Dynamic
Science has recently submitted a proposal suggesting the possibility that
temperature cycling prior to heat sterilization, which would cause freezing
of the spore, may cause sufficient physical change in organisms to reduce
their resistance to dry heat sterilization. It may be worthwhile to conduct
a few tests on the resistant soil organisms to determine if & significant
effect could be obtained by this technique.

2. Ethylene Oxide Sterilization

The present ethylene oxide sterilization procedure is based, essentially,
on the results of tests with a single strain of bacteria in an isolated
state. §Some recent tests indicate other strains, as they exist in the
natural environment of dust, are more resistant to the present ethylene
oxide treatment. Controlled tests are required to determine the effective-
ness of the ETO method of sterilization for various resistant strains of
bacteria, including organisms existing in soil, dust, and other representa-
tive spacecraft contamination. Tests of the ETO sterilization process



should be conducted as a function of the various important varisbles for
the purpose of optimizing the sterilization capability of this process

and determining the maximum levels of contamination capable of being
sterilized within reasonsble time periods. Some of the important variables
which should be considered are: gas composition (especially ETO concen-
tration and relative humidity), temperature, substrate materials which

mey provide protective effect, previous conditioning of orgenisms such as
exposure in space simulator, method of supplying ETO mixture (e.g., with

or without initial evacuation), hardware configuration as it would influence
gas diffusion, penetration of ETO for sterilization of films, grease, thermal
insulation materials, resin coatings, etc.

Mr. Harold W. Wolf

Perhaps before I offer some suggestions, I might remind you that Russia may
very well set the standards in respect to sterilization of space vehicles
since it would be silly for us to be carefully cleansed only to have to trod
in Russia's dirty footsteps. Seriously, every possible effort should be
made to communicate with the Russians on this subject.

A most obvious area of research is that of the sterilization of materials.
I concur with Charlie Phillips on the need of a sterility handbook. The
most important part would be the list of materials and the effects of
sterilization processes thereon. This should also mention the detrimental
effects--not only the successful ways.

An area of developmental research is posed by that of the assemblies them-
selves. In all sterility work, controls are essential. Since shapes,
matings of different materials, and their locations in the unit are of prime
importance, the sterility group should be provided with a duplicate assembly
for study and control purposes.

N.A.S.A. should maintain laboruztories that can recreate the environmental
conditions of any heavenly body, i.e. satellite or planet, or of space
itself, whereby earth biota can be studied under varying conditions. It
appears most primising to utilize solar heat as a means of sterilizing space
vehicles.

The problem of how to sample and count organisms is still far from being
simple. Certainly, studies in this difficult area can always be of value.

A last suggestion I have to make is that of determining the feasibility of
excluding eirborne microflora from entry through leaks by means of engineer-
ing design. In fact, engineering design with considerations of contamina-
tion control would be of value in the design of the entire space craft.
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Mr. Robert J. Varga

Very basic to any sterilization program and the most important factor for
a contractor is the definition of an acceptable method of determining
sterility. At present the proof of compliance to contractual requirements
is still undefined. Hence work in this area appears mandatory. To
quantitatively analyze for absolute sterility is not within the state of
the art; however, methods must be established to the best of current
technology to establish what method would act as an indicator.

Two years ago Hughes, on their own initiative, pursued research studies to
investigate the viability of various organisms to hard vacuums. Undue
publicity had been afforded our findings which related that only four types
of microorganisms exposed to a vacuum of 6 X 10-9 Torr for 30 days had been
rendered inviable. These tests can by no means indicate that all organisms
will be killed by hard vacuum; however, continued work in this area seems
most pertinent. 1In addition, other space environments should be considered,
i.e., ultraviolet light and cosmic radiation.

In conjunction with discussions with Dr. Bruch, formerly of Wilmot Castle,

I know that certain studies are under way for determining adequate heat
exposure schedules to adequately sterilize items with heat and other methods.
Once schedules are ascertained, an evaluation of components and materials is
provided through compatibility studies. However, little information is pro-
vided of a reliability nature. Hence the accuracy of reliability predictions
is severely hampered. To overcome this deficiency, it is recommended that

a test program be pursued evaluating the effects of each method of sterili-
zation on reliability. Summerizing the program would consist of:

a. ©Selection of sufficient sample sizes of generic components used on
a particular spacecraft and divide in groups according to the number
of methods of sterilization.

b. Test each group for functional performance.
¢. Subject each group to a sterilization process.
d. Test for performance again.

e. Subject each group to a final test under expected mission time and
environment.

Compare /7__ s O, of test results by student's "t" (comparative difference
tests) test for magnitude of effect among sterilization processes. Perform-
ance of the above tests would permit analysis for the effect of any specific
sterilization process on reliability for any intended mission.



Continued efforts should be expended in the development of liquid and grease
sterilants because of the necessity of testing, assembling, fueling and
pressurizing equipment after the major sterilization processes have been
performed. Adequate liquid sterilants are yet to be firmly established.

To increase the probability of launching a vehicle without failed parts,
sbbreviated tests are desirable. Limited breaking and mating of electrical
connections require liquid sterilants. To actuate mechanisms for prelaunch
checkout, grease sterilants are a necessity and should be developed.

The development of sterilizing paints, which could be sprayed on a vehicle,
could ease problems of bacterial fallout. The paint would maintain its
sterilizing action as long as it is in contact with the spacecraft. The

paint could be developed to sublime in space or have properties satisfactory
for thermal surface requirements as needed. In the problem of painted surface
defacements, sterilizing paints can be developed for retouching.

In the area of solid rocket propellant sterilization, a separate development
program appears advisable. Sterilizing additives to the propellants appears
feasible; however, sufficient emphasis has not been allotted to this in-
vestigation. A4 combination of low level heat and radistion or even a com-
bination of heat or radiation with @ bacteriocidal additive could effective-
ly render a propellant sterile.

To alleviate count-down procedures at AMR, in-flight terminal gas sterili-
zation should be investigated. It is possible to fill the shroud zt a pre-
determined time prior to launch and left there to decontaminate during
launch until the shroud is deployed in transit. A sacrifice to payload
would be incurred but a trade-off of schedule risk would be required.

An avenue for further study, with respect to sterilization, is the field of
ultrasonics. High kill rates have been obtained utilizing the ultrasonic
generator. Many vapers and scientific journals have followed the progress
of this phenomenon. Recently the application of ultrasonics to the field
of medicine has focused new attention on ultrasonic sterilization. Further
study may prove this field to be a feasible method of sterilization in some
cases.

It should be mentioned that deviations from the standard methods of
sterilizetion have not been considered. These methods include heat (24 hours
at 2570F) and ETO gas sterilization processes. It is presumed that tremen-
dous amounts of work have been done along these lines and these methods
prove most desirable.
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Dr. William J. Oswald

1. Methods of producing components which will be internally sterile.

2. Develop a complete list of space-craft materials followed by laboratory
studies of the impact resistance of these component materials to
determine which will disintegrate on Lunar, Mars or Venus impact and
which will not. Presumably non-shatterable components only need be
surface sterilized, hence need be neither produced with aseptic
techniques nor heat sterilized. We have some definite ideas for
research in this area.

3. Develop plastics which are useful for space-craft components and which
will not shatter on impact.

L. Develop special methods and materials for sterilization of delicate or
sensitive electrical equipment which will not tolerate heat steriliza-
tion.

2. Determine the "lapse rate" for numbers or bacteria and bacterial species
in the earth's atmosphere.

6. Develop remote control assembly procedures.

T. Study the basic biochemical reactions which underlie sterilization of
microbes and viruses.

Dr. John B. Opfell

The subcellular molecular effects of exposure to elevated temperatures in
bacterial spores should be studied in order to develop a theoretical basis
for extrapolating thermal sterilization process and to develop rational
procedures for disinfecting and sterilizing spacecraft components as well
as specimens returned from other planets. Empirical evidence on the bio-
logical properties of a few forms of earth life is hardly sufficient basis
for designing a process to control potential infectious agents brought by
returning spacecraft.

The subcellular molecular effects of exposure of spores to the so-called
"alkylating agents” should be studied to determine why they are so effective
as sterilants and why so many of them are potentially carcinogenic. There
exists the distinct possibility that some organisms may be stimulated to
unusually rapid proliferation by contact with these agents. The precise
biochemistry and subcellular energy transfer mechanisms associated with the
use of these compounds should be established.

Methods for reliable testing of solids for viable cell content should be

developed. Some work is now in progress on this subject. The information
will be necessary if sterility tests on solids are ever to approach the
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relisbility now associated with sterility tests on liquids.

The development of rapid methods of gas sterilization will require further
study of the physics and the chemistry of the interaction between the
sterilants and the bacterial cell walls and protoplasm. Certein chemicals
can pass through the cell wall readily, others cennot. The kinetics of
the sterilization process on a chemical level should be established in
order to determine the ultimate usefulness of engineering sterilization
processes based on gas sterilization.

The kinetics of the reactions between various sterilizing agents and the
substrates which they are expected to sterilize should be established. The
chemistry of ethylene oxide, for example, is well developed in certain

areas, in others, it is almost a complete unknown. The properties of ethylene
oxide which are of significance bacteriologically can be established and
should be established in the same way as those which are of significance
fuelwise. These chemical studies really should precede compatibility studies
with materials. The compatibility studies have been to a large degree,
screening analyses with little quantitative informetion produced. Undoubted-
ly, each of these sterilants will be destructive to materials of interest
under certain, yet unknown, conditions of temperature, composition, and
length of exposure. Kinetic studies will permit better design of compati-
bility studies, yielding ultimately more reliable information for less
effort.

Dr. Richard W. Price

1. The development of a concise sterilization handbook that would gather
the abundant pertinent information and present useful guidelines to concerned
individuals and agencies.

2. The design and testing of a training program to study the most effective
means for preparing personnel in the techniques of assembling a sterile
spacecraft and methods to insure the launching of a sterile payload.

3. A compilation of guidelines to govern the construction of assembly
hangars, explosive safety areas, and gastry facilities at the AMR and PMR
launch sites to insure the launching of sterile spacecraft.

4. Studies of the genetic effects of sublethal sterilization procedures
on terrestrial microorganisms to attempt interpretation of such results in
studies of extraterrestrial organisms.

5. To study the mutagenic effects of chemical sterilants on organisms
planned for use in the closed ecological systems for space stations.

6. To study the applicability of existing clean-room facilities for
y
preparation of sterile spacecraft components and subassemblies.
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f. To conduct additional studies on the toxicological problems resulting
from the prolonged use of chemical sterilants on personnel.

8. The development of a model sterilization facility that would provide
for the stringent requirements of spacecraft intended for planetary impact.

9. To determine the long-term effects of chemical sterilants on space-
craft construction materials under simulated space, Martian and Venusian
conditions.

10. To identify and characterize the most troublesome contaminating micro-
organisms of various geographic locations and characteristic to industries
which contribute to the spacecraft assembly.

11. To study techniques to permit the shortening of sterilization procedures
by chemical and physicel means. Fragmentary information suggests that
certain catalysts can be used with ethylene dioxide to hasten the oxidation
of microorganisms.

12. To study chemical contaminants resulting from the landing of spacecraft
on a planet in order to produce a molecular inventory that would be used
in the evaluation of extraterrestrial atmospheres.

13. To study the most effective procedures for the sterilization of
returning samples of lunar and planetary "stuff" if pathogens are identified.

1k. The identification of constituents for the media to best assess

sterility of space-oriented hardware. These media would further serve to
expand the studies for the detection of extraterrestrial life.

Mr. Daniel N. Tompkins

1. Establish a method by which Ordnance devices, i.e., squibs, rocket motor
propellants, etc. may be rendered biologically sterile.

2. Chemical and mechanical compatibility of materials with
a) Resins
b) E.T.0. (ethylene oxide - freon mixture)

c) Liquid surface sterilants

3. Establish an acceptable procedure by which non-solid assemblies may be
adequately gas sterilized (e.g., laminations, honeycomb).

k. Compile a list of quality assurance acceptable sporicidal resin systems.
This involves

a) Biological tests (2 types: bulk and surface)

b) Life, i.e., shelf

92



¢) Mechanical materials testing

d) Generate appropriate specifications

Establishment of valid biological testing techniques.
Establishment of "foolproof" sterile assembly processes.
Establish validity of sterilization through vacuum exposure.

Determine effects of radiation dosage upon resin systems.

O o N O W

Development of critical components such as batteries which will be
operable after heat sterilization.

Dr. Victoria Lynch

1. A research program to determine a suitable test organism for steriliza-
tion experimentation. This program should be divided into two parts and
be conducted simultaneously.

Part A: A program using suitable enrichment techniques to find those
organisms most resistant to various sterilization procedures.

Part B: A systematic investigation of those organisms and test samples
currently being used in the testing of sterilization proce-
dures.

Successful completions of Part A would increase the assurance of sterility
and Part B would assist in the interpretation and comparison of data ob-
tained in the multitude of laboratories now conducting sterilization
experiments with a variety of test organisms.

2. A research proposal to discover materials that are self-sterilizing.
Use of these self-sterilizing materials in manufacturing processes would
automatically result in sterile products under normal production procedures.

3. A systematic investigation of compatibility of meterials with methods
of sterilization should be undertaken. This program should establish ac-
ceptable sterilizing procedures for each material and componert to be used
in lunar or planetary landing vehicles.

4. A development program to establish operating procedures to fabricate
sterile sub-assemblies, assemblies and completed vehicles is necessary.

This should include detailed investigations of establishing a truly sterile
room and the development of monitoring systems to determine that the sterile
room remains sterile during assembly operation. Industrial white rooms and
hospital operating rooms are steps in the right direction. However, these
rooms are not sterile rooms.
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As a result of this program, those individuals designing and fabricating
a space vehicle will have the necessary information to sterilize initial
components and the procedures to assemble a sterile vehicle.

For a Mars trip no deviation from these principles and techniques should
be tolerated. Mars should be declared a biological presence and every
effort be made to maintain its natural state until all biological investi-
gations have been completed. A condition of absolute sterility must be
made a prerequisite of each Mars flight. Just as a broken electrical con-
nection is reason for a flight hold, a broken sterility step must also be
a reason for a flight hold. A non-sterile craft is a non-flyable craft.

Mr. G. Briggs Phillips

It is my impression from attendance at the Ad Hoc Sterilization Conference
on July 9, 1962 that several R and D projects on heat and gaseous sterili-
zation procedures and techniques are presently being supported by NASA.

I assume that these projects will be continued with the view of establish-
ing exacting criteria for sterilization of spacecraft and spacecraft com-

ponents with dry heat and with ethylene oxide.

It is my opinion, in view of the obvious urgency of the space race, that
long term research on other means of sterilization will not yield positive
results within a time interval that can be considered useful.

While the question of the feasibility of achieving internal sterilization
of all spacecraft components is obviously one of the most difficult tasks
in the Bioscience Program, I assume that for the present this should be
considered the aim. External component sterilization alone would seem to
be acceptable only by great manipulation of hard landing probabilities.

The following R and D projects are based on the above line of thinking and
are designed to support the sterilization guidelines developed at the ad
hoc conference of July 9, 1962.

1. Processes and Materials for the Manufacture of Sterile Spacecraft

Components.
The aims of this engineering study would be as follows:

a. To determine what materials and manufacturing processes now in use
yield internally sterile components.

b. To determine what materials and menufacturing processes now in use
yYield components which will withstand subsequent heat sterilization.
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c. To determine what feasible changes can be made in present manu-
facuring processes which will improve the probability of obtaining internal-
ly sterile components.

d. To determine what material substitutions can be allowed to improve
the resistance of components to heat sterilization - during and after
fabrication.

In this study, because of the thousands of spacecraft components involved,
it will be necessary to prepare a reasonable type--classification of parts.
Reduction to, say, approximately 100 component types will simplify the
research approach.

2. Biomathematical Study of Sterilization Probabilities

This study by biomathematicians would be directed towerd determining
the parameters and statistical factors and limitations involved in the ex-
pression of spacecraft sterilization data in the terminology used in space-
science for controlling trajectories. Defined methods for calculating
biological probabilities should be developed in order to assure that data
developed in the Bioscience Program can be easily and with reliance be used
in all NASA undertzkings. A part of this project would be the development
acceptable definitions and criteria for establishing spacecraft steriliza-
tion probabilities.

3. A Study of Sterility Testing Methods and Standards

Based on presently svailable sterilization methods (principally dry
heat and ethylene oxide), the purpose of this study would be to develop the
best possible sterility test and monitoring methods in accordance with
requirements established by spacecraft assembly and launching procedures.
The prime evaluation criteria for candidate methods would be (1) accuracy
of the method and (2) time required to obtain results. Since final culture
tests for sterility at final assembly and launching would be only of
historical interest, this study should consider reliasble physical or
chemical methods for predicting sterility.

4. Development of Improved Glove Boxes and Hoods and Glove Box Techniques

Since at the present time it is predictable that some spacecraft
assemblies and/or repair operations will have to be carried out in externali-
zation devices in which sterility is preserved or in which re-treatment
sterilization is achieved, it is desirable to develop this isolation equip-
ment to achieve maximum efficiency and convenience. This engineering research
program should lead to the development of detailed design and construction
criteria, based on accepted and tested prototypes, for the several types of
isolation devices required. Because of the magnitude and variety of the
manipulations on spacecraft equipment which will have to be carried out in
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this equipment, the study should Include a meximum effort in human factors
engineering, and general operating procedures for performing the required
tasks.

5. Psychological Assistance Research Study

This study by a competent group of psychologists, working with exo-
biologists and spacecraft engineers, would be directed primarily toward
developing methods, techniques, and guidelines which would facilitate the
incorporation of spacecraft sterilization procedures into the regular
planetary flight programs. The study should be focused on the integration
of the Control Sterility Group within the space program.

As pointed out by the participants at the Ad Hoc Sterilization Conference,
human error probabilities are relatively large as compared to error
probabilities not directly under the influence of humen control. Influenc-
ing the successful operstion of the Control Sterility Group, therefore,

are many factors not directly covered by research in space science and
exobiology. The probable impact of the control group on the regular NASA
functions should be considered and ways sought to use psychological approaches
to advantage wherever possible. For example, psychological evaluations
could be made of the various levels at which responsibility for sterility
could be assigned. Just how intergroup relations will effect the attitudes
of NASA employees :nd decrease or increase the probability of sterilization
failure can be studied. The specific approaches and interpersonal relations
used by the Control Sterility Group could receive attention. Suitable
sttention should be given, also, to methods of instructing and training
cognizant engineers.

6. Equipment and Methods Evaluation Study Group

It is suggested that a suitably equipped and housed equipment and
methods group be orgaenized to evaluate recommended procedures and equipment
before they are passed to the Control Sterility Group for implementation.
This will eliminate the burden of further development, research, or adap-
tions by the Control Sterility Group. The Equipment and Methods Evaluation
Study Group would have as their primary mission the transition of laboratory-
developed data and methods to practical on-the-site field use. Work with
proto-types of field equipment is recommended. From this group, also,
could come training devices and methods for use by the Control Sterility
Group. The preparation of the suggested "Spacecraft Sterilization Handbook™
would be accomplished by the equipment and methods evaluation group.

T. Spacecraft Sterilizetion Bibliography Services

It is recommended that, as a continuing service to the other R & D
efforts, a small bibliography service be established. The function of this
group would be to act as an assembly and clearing house for references,
publications, reports, etc., developed by the Bioscience Programs, parti-
cularily information relative to spacecraft sterilizstion. By improving

96



the availebility of research results between scientists in the several

R & D projects much time and duplicetion of effort could be saved. This
library group could also provide continuous screening of the literature
for R & D information of probably interest to researchers in the Bioscience
Programs.

Mr. A. M. Nowitsky

1. Sealed Cavity Research and Development

Methods for ebsolute sealing and efficient separation of sealed space-
craft compartments should be the subject of a research and development
program. Considerations should include remote hermetic sealing, biological
exhaust venting, efficient and reliable filtration and compatible design
practices.

2. Internal Sterility Assurance

Whether or not an internally sterilizing heat load will be applied to
spacecraft components after manufacture, the following research is recom-
mended for added insurance: Although in many instences the manufacturing
process indicates the possibility of a sterile end-product, it does not
provide sufficient proof of internal sterility. Feasibility of altering
the normal manufacturing process to provide sterile end-products should be
studied. Development of process modifications, acceptable to the manu-
facturer, should be investigated. Sporicidal additives to sealants,
lubricants, and other nonfunctional materials should be evaluated. Efficient
aseptic subassemblies combined with compatible (modular) designs should be
considered.

A study is recommended to investigate effects of electrical parameters
normally applied to the component, on the test orgenism. It is possible
that the combined effects of voltage, current, frequency, and temperature
rise during normal operation might render components sterile. However,
this procedure would be acceptable for sterilization only if performed
before leunch, because components malfunctioning in flight would not be
sterilized.

3. Exobiological Sterilization

Prevention of possible mutual contamination by returning, contaminated
probes remains an important consideration. Feasibility studies should be
conducted to result in means for determining effect on earth-life cellular
material, before any attempt at retrieval. Studies should be made concern-
ing translation of this resesrch data into practical hardware systems for
remote exobiological sterilization, terminal with respect to earth reentry.
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L. Sterilization Requirements for Manned Space Flight

Sterilization requirements for manned space flight should be thorough-
ly investigated and a number of research and development programs initiated.
Areas for consideration include:

Spacecraft design, utilizing the maximum number of qualified sterile
products with consideration of sterilization as an early design concept,
including appropriate internal sterilization and aseptic assembly.

Internal sterilization of the unmsnned spacecraft sections

Aseptic assembly of the internally sterilized sections

Aseptic launch, involving terminal surface sterilization of surface-
contacting spacecraft elements

Sterile egress and ingress, accomplished through a specially designed
entrance lock presterilized before launch, enabling rapid personnel
transfer without mutual contamination

Safe waste disposal, to prevent putrefaction gas buildup, spacecraft
living-environment sir contamination, and biological seeding of extra-
terrestrial surfaces

Aseptic sampling, to prevent contamination of biological samples during
the sampling operation

Aseptic retrieval, to protect biological sample results, and automatic
terminal sterilization or destruction of sealed spacecraft and equipment
not being returned to earth

5. Spacecraft Design Rules for Sterilization Compatibility

The design of extraterrestrial spacecraft should be compatible with
sterilization techniques and physical parameter extremes. In particular,
the following areas warrant thorough investigation:

Sealing, especially with respect to transfer locks, must yield biological-
ly leaktight conditions

Hermetically sealed components, such as many electronic items, should be
chosen from those known to be rendered sterile during normal manufacture

Maintainability, compatible with aseptic parts replacement, is desirable.
Use of modular construction is stressed

Ground checkout and calibration receptacles should be designed to permit
installation and removal of umbilical servicing lines without contamina-
tion
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Venting of various exhausting media should be controlled to pass through:
biological filtration systems

Launch configuration should permit terminal sterilization of affected
spacecraft structure and systems

6. Material and Component Compatibility/Reliability Research

An exhaustive program involving compatibility of all possible space-
craft materials and components with sterilizing heat, radiatiom, chemicals,
etc., and subsequent reliability, is recommended. A rigidly enforced
Qualified Products List should be evolved for industrial use. Materials
research should be conducted in order to determine appropriate substitutes
for materials currently being used in spacecraft manufacture but which are
not compatible with nor adequately relisble after exposure to sterilization
techniques. Sterilization processes must be considered as additional
environmental stresses to be included in the normal stress and reliability
testing programs required in spacecraft design and construction. Assess-
ment of reliability degradation should be made. Analytical techniques
and theoretical analysis for estimating reliability degradation as a
function of temperature should be determined.

7. Basic Research

Studies are recommended to determine types and approximate number of
microbes likely to exist on the outer and inner surface of large structur-
al components, in the pockets formed in such components, screwholes, etc.
Qualitative and semiquantitative analysis of types of contaminant should
follow.

Efficacy of internal sterilization, involving effect of normal manufacture
on the contamination level of sealed components as well as sterilization
heat stabilization times, should be evaluated.

Special search for organisms to be used in establishing standard sterili-
zation operating procedures should be conducted. Enrichment procedures,
involving exposures to selected extremes (e.g., heat, radiation, and
chemicals), carried out in selected media, should be utilized in determina-
tion of the most resistant strains.

With selected organisms used as "controlled contaminaents,” flight experi-
ments should be conducted to permit the study of destruction by combina-
tions of space vacuum, solar heat, solar ultraviolet, cosmic, and radiation
belt irradiations.

Investigations should be made into the feasibility of avoidance of organic
compounds in the building of spacecraft systems, especially protein-type
meterials such as wool and leather. Further studies should pertain to
possible molecular marking of organic materials as being originated on
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earth.

In addition, ultimate removal of dead organic material due to
the process of sterilization, should be explored.

Studies are recommended to determine the present state of organic chemical
contamination in typical existing assemblies of propulsion stages.

8.

Operations Research

A study program is recommended for determining world-wide seasonal
bacteriological levels for earth atmosphere.

Normal meteoroclogical

techniques should be utilized and combined with bacteriological instru-

mentation.

Results of the experimental data obtained would be of value

in establishing magnitude of the terminal sterilization, inflight sterility
maintenance problems, and aseptic retrieval considerations.
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Dr. E. Staten Wynne

1. Selection of microorganisms for controlled contamination procedure.

The development of adequate sterilization methods (dry heat, radia-
tion, chemicals, etc.) necessitates the use of controlled contzmination
procedures with highly resistant microorgenisms. More than one species
of microorganisms will be required, because a species highly resistant
to dry heat may not be relatively as resistant to radiation or chemicals.
Research in the selection of microorganisms is necessary in order to
assure the maximum confidence levels of sterility (99.99%).

2. GSearch for faster acting chemicals disinfectants, especially gaseous,
for surface and/or terminal sterilization.

Current terminal sterilization with ethylene oxide requires approx-
imately 16 hours. Faster acting chemical disinfectants would enhance
count -down procedures, as well as reduce delays due to repairs, etc.,
on a previously sterilized vehicle.

3. The effects of sterilization procedures, especially dry heat and/or
radiation on the performance characteristics, over long operating periods,
of spacecraft components.

Many components, subjected to dry heat sterilization, may be damaged
temporarily or even not at all by present test procedures. However, it
is possible that temporary, or even currently undetectable, damage could
reduce the effective life span performance sufficiently to result in
malfunction. Components subjected to dry heat sterilization should be
installed in circuits, and observations made to determine longevity and
efficient performance.

L. Ssurvival of earth microorganisms under simulated lunar and/or planet-
ary conditions.

Specific knowledge of the atmospheric and surface composition of the
moon and planets is required for determining survival of microorganisms
under simulated conditions. As soon as data obtained with unmanned vehicle
is available, survival of microorganisms should be determined. Such
studies could enhance or reduce the sterilization requirements for the
moon and/or the plenets. For exsmple, if earth life ceannot survive and/
or no life or pre-life forms are found on the moon, the sterilization
requirements, especially for manned vehicles, will be reduced.
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